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1. INTRODUCTION

The Clementine flight unit star tracker is the latest model of the Ballistic Missile Defense Organization (BMDO), formerly
SDIO, lineage wide-field-of-view star tracker camera designs. The star tracker focal plane, optics, and pointing algorithms
were first demonstrated in 1987. Previous papers [1, 2] describe previous models, along with performance expectations. The
Clementine vintage, also described in Ref [3], has improvements in radiation resistance, solar rejection baffles, low distortion
fiber optics plate, and quaternion angle finding algorithms. With these improvements, the star tracker system reliably
determined quaternions throughout the life of the mission.

2. CLEMENTINE MISSION

The Clementine spacecraft was launched on schedule on January 25, 1994 from Vandenberg Air Force Base (CA). After 25
days in lunar transit, which included a week in low earth orbit and the remainder in phasing loops, the spacecraft was inserted
into an elliptical polar lunar orbit where it successfully spent 71 days performing a systematic mapping of the moon. The
spacecraft left the moon on May 4, 1994 and was starting the Earth/Moon phasing loops for gravity assist boost towards the
near-Earth asteroid Geographos when the spacecraft suffered a software failure causing complete loss of attitude control
system propellant and putting the spacecraft in an 81 rpm spin. The spacecraft could not be despun to a low enough rate to
permit further acquisition of resolvable images, nor could the spacecraft be pointed to a specified direction. As a result there
was no possibility of completing the Geographos phase of the mission. Refs [4, 5] provide good overviews and insight into

utility of the Clementine data which has been analyzed.

3. STAR TRACKER CAMERA MISSION GOALS

The primary purpose of the Clementine mission was to flight qualify and test the state-of-the-art sensor payload for
Department of Defense (DoD) applications. A secondary objective was to produce data of interest to the scientific
community. The star tracker camera was selected for the mission because it was a light-weight, medium accuracy star tracker,
which was capable of meeting the pointing and navigation requirements of the Clementine flight plan. It served double-duty
as a very wide field of view imager (for lunar horizon glow studies) and as a Cherenkov radiation detector with the aperture
closed using extremely long integration times.

4. PROGRAM CONSTRAINTS AND GUIDELINES

The Clementine program was conceived to be a demonstration of DoD/BMDO sponsored technologies for space applications
in a deep space environment. It had an overriding goal of meeting the scheduled launch of 25 Jan 1994, which was achieved
(funding start was March 1992). Maintaining the program within cost was the secondary constraint, with technical
performance requirements allowed to float somewhat as the third leg of this well known triad.

The LLNL cameras used on Clementine were derivatives of earlier cameras developed under the LLNL Brilliant Pebbles
(BP) Flight Test Program. Modifications to the camera were made to insure camera survivability for the planned 7-month
mission. These consisted primarily of using MIL-STD-883B electronics components where practical, up-screening of
commercial-grade electronics components, and modifying the camera structures to insure that the electronics were suitable
for steady-state operation in a space environment (BP cameras were implemented to operate only for the relatively short
duration of a sounding rocket flight).

5.  DESCRIPTION

The star tracker stellar compass, hardware shown in Fig. 1, consists of stellar compass software and the physical camera. The
hardware consists of a lens, baffle, and a small camera module (consisting of the CCD, camera electronics, and housing).
These are described in this section. Table 1 summarizes the camera technical specifications. A functional block diagram is
shown in Fig, 2.
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Fig. 1. Clementine star tracker camera.

5.1 Stellar Compass Software

The stellar compass software is a robust set of algorithms resistant to errors induced by noise and moderate amounts of
scattered stray light. The major algorithm steps for the camera are:

* sweep each line for potential stars, using self-adjusting differential requirement
» perform blobifying routine to outline potential stars

* find peak pixel reading in each blob

*  check blob shape against nominal stellar blur

* find local star background

¢ find local star centroid and mass

¢ order star masses

» take top (10) stars to triangulation, with selection weighting towards outer FPA pixels
e list triangles formed by star group

« mmatch triangles to star atlas-derived triangles

¢ calculate quality of best match

* _ output match quality and quaternion for navigation use

A number of features that are seen in many high-accuracy star trackers, such as magnitude matching for each star after rough
triangulation and “S”-curve correction of the centroid algorithm are not employed. Nor is distortion of the lens corrected on
the as-built unit. Without these features, the centroiding algorithm, which is a simple mass-centroid calculation, will return up
to 1/25 pixel error for some star center locations with respect to the focal plane. These features were not included because the
accuracy of the star tracker was sufficient to meet mission requirements without the additonal algorithm steps.
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Table 1. Star Tracker Camera Performance Characteristics.

Attribute [Characteristic

Focal Plane Arrays

Type Thomson TH7883-F02-01-B/T
Si CCD - 0.4 to 1.1 microns
Full Frame Device

Pixel Format 384 x 576

Array Size 8.83 x 13.25 mm

Pixel Size 23 x 23 microns

CCD Operating Temperature 10°C Maximum (Clementine spacecraft| *
Ispecific) :

Optics

Type Concentric Refractive

Aperture 14.0 mm diameter.

Focal Length 17.5 mm

Speed F/1.25

Imaging

Spectral Range 0.4 to 1.1 microns

Array FOV 28.9° x 43.4°

IFOV 1.314 x 1.314 milli- radians

Point Spread 20%-40% of image blur energy in 23
um square and >80% in 75 pm square

Noise Characteristics < 90 electrons @ 20°C for 50 ms
integration time. Dark current and dark
[signal non-uniformity are limiting for
longer integration times.

Electronics

A/D Resolution 8 bits

Frame Rate <10 Hz

Readout Time 54.8 msec

Digitization ~ 75, 150, 350 e”/count

Readout Noise 50 e RMS

Integration Time 0.2-773 ms (typical =150 ms)

Offset Control 248 gray level offset; 5 bit control
word; LSB = § gray levels

Average Power

Camera 4.5 Watts
Lens Heater < 1.95 Watts (50% duty cycle @36 v)

Physical

Envelope 11.7cmx 11.7cm x 132 cm

Mass 290 g
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Fig. 2 Clementine star tracker camera functional block diagram.

Accuracy of the present star tracker is limited by the distortion pattern in the fiber optic faceplates located in the rear of the
star tracker lens and on the focal plane array. Zero-shear faceplates were ordered for the Clementine built star tracker units,
which decreased the rms distortion in the lens to roughly 200 prad rms, with the peak distortion values at the edges of the
focal plane (where stars are dimmer as imaged through the lens and are infrequently selected for triangle matching). With at
least 5 stars required for a positive match, the contribution of a single star in the corner of the FPA to the overall pitch or yaw
pointing error is reduced. Other sources of pointing error are noise influence on the mass centroiding error and the “S”curve
error from the algorithm itself.

The end result of the algorithms implemented on the Clementine flight unit passed ground tests with <100 prad rms
pitch/yaw error and <450 prad rms roll error. These tests were repeated zenith viewing throughout the night, with quaternions
fit to an equatorial earth motion model. Zenith viewing reduces atmospheric refraction effects. Temporal noise in most star
fields was on the order of 20 to 30 pirad rms, with occasional jumps in pointing quaternion seen as a star drifted onto (or off) a
distorted fiber optic section. If a distortion correction algorithm were implemented, the noise level of 30 pirad pitch/yaw and

200 pirad roll would be achieved.

Perhaps the most unique features of this star tracker code are the adaptable threshold sweep, which allows operation even
with degraded stray light and camera noise conditions. This algorithm group floats with background increase and with low
frequency background changes across the field of view. Rows are processed left to right, and pixels that are N counts higher
than the preceding neighbor are flagged as possible bright spots. The algorithm starts with a high threshold value (i.e. 10),
and lowers the threshold by 1 count and re-scans the line until not more than 1 candidate star pixel is found. For example, if
there are 3 pixels with a signal increase of 2 counts, no candidates will be found at 3 threshold, but 3 will be found at a 2
threshold. This causes the entire line to be discarded, since the noise is on the order of the brightest possible real star. Even if
the pixel did pass the star test for this line, noise values would cause centroiding results to be inaccruate.

For Clementine, the on-board star atlas was a trimmed and adjusted version of the SAO catalog which included 464 stars.
This set guaranteed that there would be 5 stars of my 4.5 or greater in the field of view at all times. The set was also adjusted
to accomodate the color sensitivity of the CCD.

In flight, the star tracker camera reliably provided quaternion updates to the spacecraft throughout the life of the mission
when the solar exclusion angle was re§pected, with 1 exception. Early in the mission, after stage separation, star matches
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were not achieved for a period of an hour. Later analysis of downlinked images showed that the 10 brightest blobs in the FPA
were space debris resulting from the separation, which is a condition that was not expected in the default software.

5.2 Optical System (Ref Appendix C)

The star tracker lens was specified and built to have a 42° x 28° field of view. This sizing results in a pixel IFOV of 1.3 mrad,

which is small enough to provide the requisite quaternion accuracy. The collection aperture of the lens is maximized for the
greatest possible light gathering capability. At F/1.25, my = 4.5 GO stars provide an integrated star signal that is 15 times the
electronic noise from the focal plane. This level of signal gathering capability, matched with the wide field of view, ensures a
99.9% probability that 5 stars above minimum threshold will be available for the algorithm set for all possible quaternion
pointing vectors. This allows the star tracker to handle the “lost in space” condition with a single star image frame and no
other apriori knowledge of location.

To avoid chromatic aberrations that would shift star centroids with star color temperature at the edges of the field of view,
and to maximize imaging F/number, a concentric optical design was adopted. For extension into a long-life space mission,
only radiation resistance glass, including fiber optic faceplate material, was included in the optical path. Use of the radiation
resistant material reduces transmission in the shorter wavelength regions of the CCD response, virtually blocking all light
below 500 nm, however, for doses on the order of 10 KRad Si, the net transmission gains throughout the life of the mission
compensate the early transmission loss. Fig. 3 depicts the optical system with baffle.

BAFFLE
/
~d
\
™~
B ~
~
] o)
/ \
- FIBER
~ OPTIC
T LENS FIBER OPTIC
L FACE PLATE
P (FOFP)

Figure 3. Star tracker optical system showing the image plane at the fiber optic face plate,
the concentric lens elements and the single stage baffle.

53 Baffle

Small amounts of scattered sunlight can be much brighter than the image of the dim stars needed by the sensor for proper
operation. (The sun is 12 to 13 orders of magnitude brighter than the stars used for navigation.) Without a baffle, operation
would only be possible when the sun, solar-illuminated moon, and solar-illuminate earth are all behind the star tracker line of
sight and not illuminating spacecraft structure in the forward hemisphere of the star tracker line of sight. A baffle was

designed to allow operation with more general sun/earth/moon constraints.
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Stray light reduction requirements for the camera were expressed in Point Source Transmittance (PST), which is defined as
the ratio of flux reaching the FPA of a sensor to the flux at the aperture of the sensor. The design goal PST of the star tracker

baffle/ lens opto-mechanical package was set at 107 PST, which yields a signal of 5 counts when the full solar illumination
is incident (outside the rejection angle) on the star tracker camera at nominal integration time and gain settings.

Both flight star trackers were tested using a 1 kW quartz tungsten halogen lamp source for illumination. Testing was
performed both outdoors and in the high bay assembly area for the Clementine camera. Both test areas had significant
amounts of aerosol particulates, that contributed to the stray light readings. Aerosol magnitudes were typically < 5 x 10-7
equivalent PST, which made a correction of the aerosol signal to 10% accuracy well below the critical 10~ PST testing goal.
Scattering was in the range of 104 to 10-5 PST when the illumination source glanced off any structure (except baffle vanes)
forward of the lens. The image saturated when the illumination source directly lighted optical surfaces. The results for the

two flight units is given in Figs. 4 and 5, showing that the baffle blackening, vane sharpness, and dimensional layout
combined to meet the stray light reduction goals.

The baffle was allowed to extend 3 inches past the star tracker lens vertex, and provided operation when the sun/earth/moon
were outside a 65° x 80° angle exclusion zone. (The rectangular field of view is a result of rectangular baffle openings that
pass the star tracker field of view.) Internal surfaces are coated with a MIL-F-495 Cu-black process on Ni-plated aluminum,
which provided reflectance as low as industry standards Ball black and Martin black processes. Baffle construction, discussed
later in this paper, was accomplished with adhesive.

5.4 Camera Electronics (Ref Appendix D)

The camera electronics are built around a Thomson TH7883 CCD, a Thomson TH7990 CCD controller and an Actel field
programmable gate array (FPGA). The Actel FPGA controls operation of the TH7990 CCD controller and analog circuits
(Gain, Offset and Double Correlated Sampling{DCS}) on the camera, generates video timing and additionally implements
functions of the synchronous addressable serial interface (SASI) bus protocol receiver. The camera received commands from
the Clementine Sensor Imaging Processor (SIP) via the SASI bus. The commands are received and processed by the Actel
FPGA. The FPGA controls the operating modes of the camera by controlling the operating mode of the TH7990. The camera
returns digitized video to the SIP. This is represented functionally in Fig. 6.
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Figure 4. PST vs angle for the short axis of the flight star tracker cameras.
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Numerous camera commands were accommodated through the use of a Synchronous Addressible Serial Interface (SASI)
interface protocol system utilized throughout the spacecraft system. The digital control interface electronics included in the
electronics design decoded the SAST commands, and responded to respective commands with changes in camera settings. A
status word was produced by the camera which echoed back the result of directed changes to the camera settings.

The camera has two modes of integration control, precision integration control or SASI control. The mode is selected by
setting the control bit (BIT 3 or parameter ID = 0) either HI for precision control or LOW for SASI control. If precision
integration control is selected, 13 bits of integration data must be loaded into the command data registers at parameter ID 2
and 3 with bit 4 of the command data register at ID 3 being the MSB. Integration time in this mode equals (n+1) * 94.4
pseconds. The minimum acceptable n is 1, resulting in a minimum integration time for the star tracker of 188.8 pseconds. In
the SASI control mode, integration is initiated by bringing the control bit ( bit O of the parameter ID = 1) LOW. The control
bit must be LOW for at least 100 pseconds. Readout is initiated by bringing the same bit HI. In the precision control mode,
integration is initiated by a HI to LOW transition of the same control bit ( bit 0 at parameter ID = 1). Readout will occur
automatically after the pre-set integration time. The control bit must be returned HI before initiating the next integration cycle
and left HI for at least 100 piseconds.

In the analog domain, the output of the CCD is buffered through an emitter-follower before global gain is applied. Camera
gain is selected by setting one and only one of the gain control bits (bits 4-6 at parameter ID = 0) HI which switches a gain
resistor. The camera has three gain setting of 350 e /bit ,150 e™/bit and 75 &/bit. After global gain is applied, DCS is applied.
Gain is applied to the signal before the DCS so as not to introduce excess noise to signal which would then be amplified.
Timing for the DCS is achieved in an Actel FPGA. Offset is applied to the signal after DCS. Camera offset is selected by

setting a 5 bit control word (bits 0-4 at parameter ID = 5) which is sent to a digital to analog converter (DAC). One LSB
equals an offset of 8 gray levels. The maximum offset equals 248 gray levels. After offset the signal is converted to digital
value by the flash analog to digital converter.

5.5 Camera Construction (Ref Appendix E)

The measured mass of the two Clementine flight star tracker cameras was 280 grams and 286 grams. The camera consisted of
a camera module, lens assembly and light baffle. The camera module, the core unit utilized on this camera and the
Clementine UV/Visible and HiRes cameras, contained a Thomson CSF 7883 CCD and a flexible printed wiring assembly
(PWA). The lens assembly consisted of radiation-resistant Cerium-doped glass, aluminum housing and a thermostatically
controlled Nichrome lens heater. The light baffle is a single stage device discussed earlier. This camera was designed to
survive a 19.8 g rms, 60 second duration launch during launch aboard a Titan I G launch vehicle, and operate in space for the
seven month duration Clementine mission.

Fig. 7 depicts the camera module. The PWA has three rigid sections (main, CCD and connector) where electronic
components are mounted. These sections are connected by flexible lengths which allow the PWA to be folded over on itself.
The main section contains most of the components and has it's thermal planes at the four corners exposed on both sides.
These corners are clamped between the two pieces of the camera module for structural support and heat transport from the
board. The space between the two camera parts at these corners is custom adjusted based on PWA thickness measurements so
there is a 0.0005 % 0.0001 inch compression of the PWA corners. This compression insures adequate contact pressure for heat
transfer while maintaining the structural integrity of the printed wiring board.

The PWA is folded so that the CCD area is located beneath a tongue in the camera housing. This metal tongue is situated
between the CCD and the CCD section of the PWA. Compliant thermal shims are located at the two interfaces. The CCD and
the PWA are pressed tightly against this metal tongue with a metal retainer and No 2-56 fastners to thermally sink the CCD.

The main mechanical structure provides a precision surface for referencing to the lens housing via a spacer. The CCD in turn
is aligned to the fiber optic faceplate (FOFP) at the back of the lens, and bonded to this FOFP with a curing, transmissive
optical couplant. The focus spacer is custom-lapped to the finished height to within 0.0002 inches total indicated runout to
insure parallelism. Further, a 0.0003 % 0.0001 inch gap between the FOFP and the CCD face is achieved. This gap is filled
with Dow Corning 93-500 optical couplant, cementing the lens to the CCD.

Lg University of California
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Figure 7. Camera module used for the star tracker camera.

Heat is transported from the components, the printed wiring board (PWB), through the aluminum housing and to the
spacecraft's camera thermal management system. Hot electronic parts use thermal grease between the part and the PWB. The
PWB is designed with two 1-oz thermal planes near the outer surface of both board sides. Further, thermal vias are located
under expected hot components. The camera housing and end cover have integral heat paths with specific sections sized for
low thermal resistance. A separate path for heat generated by the CCD is provided with use of an Al 1100-0 thermal strap, to
insure that the temperature gradient between the CCD and camera cold plate is minimized. The flexible CCD thermal strap
was fastened at the outside of the camera housing and then directly to the camera's heat pipe. Heat from the electronics is
removed at the three mouning feet, and at the four corners of the camera's end cover. At all part interfaces (e.g. PWA to
camera housing) a thin layer of Dow Corning 340 thermal grease is used to minimize thermal resistance,

The baffle is shown as part of Fig 1. All material is copper oxide black Al 7075. The baffle is fabricated by machining the
cylinder with support steps for the vanes, and machining the 0.010" thick vanes. With the outside diameter of the vanes
undersized to the baffle inside diameter by 0.020 inches, each vane is successively bonded to the cylinder at it's outside
diamter with a low outgassing adhesive. The aluminum is electrolis deposited with a .0001" to .0002" nickel protectant then
electro-deposited with .0003" copper plated using a geometry-specific anode. This is then put in a boiling Ebanol soultion at
214°F for an experimentally derived period of time (typically tens of minutes). A deionized water rinse, and air drying
completes the process. At final camera assembly a single layer of silver teflon tape is applied to the outer surface of the outer
vane.

To protect the lens against extreme cold, a 450-ohm Nichrome heater with a bimetallic switch turns the heater on when the

unit drops below -6°C. The 1/2-inch wide heater strip is pressed against the outer diameter of the lens housing with an
aluminum clamp, and the bimetallic switch is fastened to a flat on the clamp. The heater is powered by spacecraft 30 + 6 Vdc.
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6. ENGINEERING HOUSEKEEPING DATA CHANNELS

Several parameters were monitored to track the health of the cameras over the mission duration. These were image quality
(dark level), CCD temperature, lens temperature, camera current levels, camera voltage levels and lens heater current.
Additionally, switches were monitored to indicate ON/OFF status.

Temperatures were measured with Fenwall LTN-11 thermistors (purchased with calibration curves), with each thermistor
bonded in place with Tra-Bond 2151 thermally conductive adhesive. The CCD thermistor was mounted flush with the
backside of the alumina carrier package of the CCD, and was captured by a machined slot in the camera housing. The lens

thermistor was bonded to a flat on the lens heater clamp, and was left exposed as the protective “coffee can” prevented
significant radiative heat transfer effects on its measurement.

7. INTERFACES

Camera interfaces (optical, mechanical, thermal, electrical and communication) were defined with the spacecraft integrator
(Naval Research Laboratory) prior to, and modified during, camera development. An interface control document (ICD), Ref
[6], provided working constraints between LLNL and NRL.

The camera is bolted to the spacecraft at the camera mounting plate with three No 4-40 fasteners. A single Al 1100-0 CCD
thermal strap is attached at the camera and directly to the camera heat pipe (part of the spacecraft Thermal Control System).
To minimize particulate contamination to the lens and to minimize external, radiative thermal loads, NRL provided an
enclosure for this camera (star tracker “coffee can™). The “coffee can” had a cover which was normally closed and could be
opened when operation of the camera was required. The camera communicated to the spacecraft processor via a synchronous
addressable serial interface (SASI) bus protocol based on the Goddard Flight Center (GSFC) 650C custom PMOS process
digital integrated circuit. Digital lines were CMOS tri-stated differential line drivers and receivers based on RS-422.

8. FLIGHT QUALIFICATION DESIGN, ANALYSIS &TESTING

Cameras were designed, analyzed, developed and subjected to critical peer review (design reviews and test data reviews).
Each camera was subjected to extensive testing to measure compliance with interface definitions and show basic
functionality, determine compliance with environmental test requiremnents, and to characterize the electro-optical
preformance in response to expected viewing scenes. Prototype units were built to act as a pathfinder during each phase of
development testing. These prototypes were also aggressively used in integration activities to find problems early thereby
maintaining schedule. Appendix E.1 shows the star tracker camera structural analysis report.

Environmental testing was performed in compliance with the Clementine program guidelines and MIL-STD 1540B “Test
Requirements for Space Vehicles”. Tests included radiation (for the CCD and electronic components), random vibration,
thermal cycling, thermal vacuum and electronic burn-in. Table 2 summarizes the test environments. Test data may be seen in
appendices of the certification logs for each camera.

9. CHARACTERIZATION AND CALIBRATION

Extensive pre-flight calibration data were acquired using an automated calibration facility at LLNL. In a typical calibration
configuration, a sensor was mounted inside an environmental chamber whose temperature was varied from -20° to 20 °C, the
expected operating temperatures for the mission. Depending on the measurement types the sensors saw either a flat diffused
light source or an off-axis collimator with various pinholes as the point source. A custom board controlled the sensor
parameters from the host computer; the video signal was acquired using a commercial image processor. During data
acquisition many thermal parameters such as FPA and chamber temperatures were monitored and recorded as part of the
image structure. All calibration processes were fully automated enabling us to acquire data quickly while reducing operator
€rTorS, :

Pre-flight calibration measurements for the star tracker provided critical alignment data for integration to the spacecraft.
These were location of the optical center of the lens relative to the CCD (x,y pixel coordinate), and optical boresight relative
to the mounting feet of the camera (mechanical center). A two-dimensional angle map made in the laboratory, at roughly 0.5°
increments, was made using a collimated source to determine the net h = f(0y, Oy) star centroid mapping function. This data
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set was fit to the nominal h = sin(6) mapping function of the lens to determine best fit for center pixel (8¢) and focal length.
A verification an d further refinement of this curve fit was made with the camera zenith-looking, then calculating a least-
squares fit of the resulting quaternions taken over a several hour period.

Additional camera performance parameters measured included radiometric sensitivity; FPA uniformity; gain and offset scale

factors; temporal / spatial noise; dark noise dependence on FPA temperatures, integration times or input voltage levels,

spectral response of FPA; optical distortion map; point spread function and electronic warm-up time. Appendix F presents the
available summary reports on calibration of the flight star trackers.

Due to the criticality of the star tracker to the flight control of the mission, exhasutive tests were performed on the lifetime of

the optics, coatings, focal plane performance, and electronics performance under the mission required radiation dose.

L

Table 2. Clementine star tracker camera environmental analysis and testing.

Space Radiation 20 krad (at Silicon) total dose
Derived Structural » Factors of safety 1.10 (yield), 1.25 (ultimate)
Loading * 100 g's steady-state loading in each axis
Requirements ¢ 19.8 g rms random vibration from 20-2000 Hz
¢ 84 g peak acceleration for pyro-shock
¢ > 50 Hz output frequency
Component Random Vibration
Test Levels
1
Random Vibration
= //
s <
:0, 0.1 / X
- 7 L Y
H y, \
- /. \
y, Frequency (Hz) Level (GA2/Hz) \
/ 20 0.038
20 to 160 +3 DB/OCT
160 to 1000 0.304
1000 to 2000 -9 DB/OCT
2000 0.038
Grms = 19.8 All 3 axes
Duration = 120 sec [
0.01
100 1000
Frequency (Hz)
Thermal Cycling -30°C to 20°C, six cycles
Thermal Vacuum by similarity with qualification unit, -20°C to 20°C

Electronic Burn-in

> 300 hours

University of California
Lawrence Livermore National Laboratory
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10. CLEMENTINE MISSION DATA

Mission data from the two star tracker cameras provided a myriad of raw star tracker images, useful for verifying the

navigational capabilities of the camera, and a group of images to detect possible lunar horizon glow. The horizon glow data
was gathered by pointing at the limb of the moon just before sunrise, detecting solar corona and possible scattering of dust
patticles (if present) close to the surface. The navigational requirements of the spacecraft were met using the star tracker/IMU
combination as evidenced by the overalpping (correct pointing) of the mosaic UV/Visible and NIR lunar images.

The large set of Clemehtine images is accessible in various forms on the Internet at three locations (as of this writing):
http:/flgsvr.wr.usgs.gov:80/clementine (United States Geological Survey, Lunar Institute)
http://www.nrl.navy.mil/clementine/clementine.html (United States Naval Research Laboratory)
http://Clementine.s1.gov (United States Department of Energy, Lawrence Livermore National Laboratory)

Section 15 of this document is a sampling of imagery captured by the star tracker camera during this mission.

Beyond images, engineering data for the two star tracker units has been collected for engineering evaluation. Data available is

described in section 6 of this document, Fig. 8 shows sample data for the CCD and lens temperatures on star tracker A during
orbit 72. Graphs for the various parameters are shown in section 16 of this document.

30
20
G 10
<
£
p
g 1
g' [ N
@ .
[ 0 i_ \
ERR "
-0 F A
—a— CCD
o3 Lens
-20

20:20:00 20:53:20 21:26:40 22:00:00 22:33:20 23:06:40 23:40:00 24:13:20
Time of Day (hrs:min:sec)

Figure 9. Star tracker A CCD and lens temperature for roughly one orbit on March 12, 1994. The CCD temperature
exceeds the desired 10°C maximum value, but did not impair the star tracker stellar compass ability to achieve star
matches,

Lg University of California
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11. LESSONS LEARNED

While the star tracker was very successful at meeting the mission objectives of this space flight, improvements could be
implemented to reduce quaternion error and design complexity, without increasing the cost or mass of the star tracker camera.
The most significant improvement of this version of the camera, applicable to extended space flights, would be the inclusion
of an Multi-Phased Pin (MPP) focal plane array. The present CCD array will suffer increases in dark current with moderate
levels (typical multi-year flights) of solar-flare radiation. In order to accommodate the solar flare potential for Clementine, the
CCD temperature was specified to be controlled to less than 8°C through heat strapping to the spacecraft thermal control
system (at a heat pipe). Cooling the CCD is a method effective in reducing dark current. At the maximum radiation
requirement, the dark current variation, pixel-to-pixel, would have been large enough, even with the temperature limit, to
degrade performance. MPP type arrays are much more radiation tolerant, and would not suffer in potential moderate radiation
exposure.

Algorithm improvements can also be implemented to reduce quaternion error. These include a noise-reduction step and a
signal processing improvement. Noise reduction would be accomplished by subtracting the nominal fixed pattern noise from
the array, while software improvements would include distortion mapping and correction and “S”-curve error seen with the
mass centroiding algorithm.

12. CONCLUSIONS

The star tracker stellar compass, as part of the suite of 6 light-weight, low power imagers [Refs 7 through 11} which were
space-qualified for future Department of Defense flights, served as an integral part of the navigation system of the
Clementine camera, providing accurate quaternion updates throughout the life of the Clementine mission. It is a space-
qualified, proven, viable moderate-accuracy camera package, which, when coupled with the stellar compass software on the
Clementine R3000 processor, provided quaternion data at 5 Hz rate. This system proved to produce valid quaternions for
CCD temperatures up to 27°C, 17° above the limit specified prior to launch, demonstrating robustness beyond expectations.
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MISSION IMAGERY

This section presents a sampling of images collected by the two star tracker cameras over the course of the Clementine
mission. These were produced primarily in the early stages of the mission. Complete imagery is best accessed via the Internet
(see section 10 for address locations).

16.

MISSION ENGINEERING HOUSEKEEPING DATA

CCD and lens temperatures were tracked to monitor the “health” of both cameras, with the goal that such data would be
tagged to individual images (in PDS format). The section in this document graphs temperature versus time for the CCD and
lens temperatures, and CCD temperature vs variable conductance heat pipe (VCHP) temperature to track the systematic AT.
These are plotted in ten-day batches beginning from the day before launch (24th day of the year) when pre-launch tests were
performed. There are various other graphs scattered throughout this package which were produced to examine various
phenomena during the course of the mission.
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Appendix A.1

Clementine Sensor Suite Quality Assurance Stamp
Procedure

(C1-EE-014)



CLEMENTINE

Sensors Integration Project

ENGINEERING NOTE 2
C1-EE-014

TITLE: ASSY: General EE
CLEMENTINE SENSOR SUITE ORIG: _B.R.Quamme
Quality Assurance Stamp Procedure DATE: 22 DEC 1992
APPR: (v O~
Abstract:

This document presents the procedures associated with the issuance and use
of Quality Assurance stamps within the Clementine Sensor Integration Project.

Lawrence Livermore
National Laboratory

Total Document Pages: 3




1. Purpose

To establish a control system that will 1dent|fy authorized Inspector / Operators and
designated personnel.

2. Scope

This procedure applnes to all personnel involved with the use of Quality Assurance (QA)
Stamps.

3. Assignment of QA Stamps

3.1 QA stamps will be issued to personnel certified in the following categories per Mil-Std-
2000: C-Instructor / Examiner, D-Inspector, E-Operator, H-Process Examiner and
R-Restricted Operator / Inspector. In addition certain designated personnel will also be
issued QA stamps.

3.1.1 QA stamps in a round configuration with blue ink will be issued to category C, D, and
certain designated personnel as specified by the Quality Assurance Manager.

3.1.2 QA stamps in a triangle configuration with red ink will be issued to category C, and
certain designated personnel as specified by the Quality Assurance Manager.

3.1.3 QA stamps in a round configuration with green ink will be issued to operator category
E and F personnel and certain designated personnel as specified by the Quality Assurance
Manager.

3.2 Upon issuance of a QA stamp the Quality Assurance Manager or their designee will fill
out a stamp assignment form as shown in Appendix A. This form will be filed in the QA
office. It will remain on file for a minimum of one year after the termination of the contract.

4. Maintenance of Stamp Status

4.1 Each person issued a QA stamp shall be responsible for the use and safekeeping of
that stamp.

4.2 Stamps will be used only on applicable documents that require signature verification.

4.3 Revocation of stamps shall be required under the following circumstances:
a. Proficiency requirements herein are not met.
b. New techniques have been developed which require new skills.
c. Certificate holder or designated personnel changes employer or project.
d. There is a reason to question proficiency or workmanship.

e. Failure to recertify within specified time limits.

4.4 QA stamps that have been retired shall not be reissued for a period of at least 6
months.



5. Use of QA Stamps

5.1 QA stamps in a round configuration with blue ink will be used only when an inspected
process, rework or assembly step is complete and or meets standards.

5.2 QA stamps in a triangle configuration with red ink will be used only when the inspected
assembly or item has completed a major stage in assembly or test. These include but are
not limited to the following:

Ready for test.

Ready for conformal coat.
Ready for mechanical assembly
Ready for calibration

Ready for environmental test

Ready to ship.

~PQ00®

5.3 QA stamps in a round configuration with green ink will be used only by operators and
certain designated personnel for in process steps.



APPENDIX A

STAMP ASSIGNMENT FORM
(See 3.2)
DATE ISSUED: / /

NAME:

SIGNATURE:

INITIAL:

NUMBER OF STAMP
ISSUED:

CATAGORY STATUS:

PROJECT NAME:

DATE TERMINATED:
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PWB Bare Board Visual Inspection

Requester:

Mil-STD-2000:

Board Serial #

Inspector Number or Initial

IPC-AB600D, Class 3:

Date: [ [ Manufacturer
Inspection MIL-P- Inspection MIL-P-
55110 §5110
Para Acc Rej Para Acc Rej
Visual 48.1/35 [] [0 |Plating and Coating 3.6.9 O O
Thickness
Edges of PWB 3.5.1 [0 [O |Soldermask Thickness 3.6.8 O O
Surface Imperfections 3.5.2 [0 [ |Plated-Thru Hole 3672 [ 0O
Subsurface Imperfections  3.5.3 O [ |Annular Ring (External) 3.6.7 O O
Marking 354 O [ |Unsupported Hole 3.6.7.1 O O
Workmanship 3.5.5 O [ | Conductor Spacing 3.6.4 O O
Solderability 3.5.6 O [O ]Conductor Pattern 3.6.5 O O
Surface 3.5.6.1 1 [O [LayertoLayer Registration  3.6.6 O O
Hole 3562 [ [J |SolderMask Adhesion&  3.7.1 O O
Cure
Thermal Stress 3.5.7 [ [ [|Plating Adhesion 3.7.2 O O
Dimensional 3.2/2.6.1/ [0 [O 1Conductor Edge Outgrowth 3.7.3 O O
Hole Pattern 3.6.2 [0 [O |Repair 3.10.5 O O
Bow & Twist 3.6.3 O O




PWB Cross Section Summary

Requester: Mil-P-55110: IPC-A600D, Class 3: __ _
Part #: Lab ID: Lab Tech:

Date: [/

Thermal Shock: Y/N Solder Float: __ Y/N

Board Summary (Fill in after completing page 3, if applicable)

Feature None Minor Reject| Measurement Photograph #:
if applicable if applicable

Epoxy Smear O O O

Epoxy Etch ] O O

Nail Heading [ O O

Nodules (| O O

Wicking O O O

Fiber Protrusion O a M

Resin Recession O O O

Plating Voids | M| O

Delamination O O O

Neg. Etchback | | O

Plating Folds l___] O O

Blow Holes | O [

Hole Wall Pull O ! O

Laminate Voids M| O |

Tin / Lead Thickness Surface Copper Thickness

Minimum Hole Wall Copper Thickness Maximum Mis-Registration

Comments:



PWB Cross Section Detail

Inspection MIL-P- Inspection MIL-P-
55110 55110
Para Acc Re] Para Acc Rel
Material 3.4.1.1 O [O |Undercutting 3.8.6 O O
3.4.1.2
Traceability 3.5.4.1 O [O ]Annular Ring (Intenal) 3.8.7 O O
Thermal Stress 3.5.7 [0 [0 ]Dielectric Layer Thickness  3.8.8 O O
Conductor Spacing 3.6.4 O [ ]Laminate Voids 3.8.9 O O
Layer to Layer Registration ~ 3.6.6 [0 [0 ]Resin Recession 3.8.10 O O
Plating and Coating 3.6.9 [0 [J |Lifted Lands 3.8.11 O Od
Thickness
Construction Integrity 3.8 O [ |Plated-Thru Holes 3.9 O O
Plated Copper Thickness 3.8.2 [d [O }Thermal Stress 3.9.1 O O
Plating Voids 3.8.3 [Od [O |]Electrical & Environmental ~ 3.10 O O
Requirements 4.8.7
Resin Smear and Etchback  3.8.5 O [ [Circuitry 3.10.3 o Od
4.8.7.3
Hole Cleaning (Smear 3.8.5.1 0 [O |cCircuitry Continuity 31032 O 0O
Removal)
Negative Etchback 3.8.5.2 [0 [O |Circuit Shorts 31033 [O O
Etchback O [O |Repai, 3.10.5 O O




PWB Assembly/Solder Inspection

Requester:

Board Serial #

Date: / /

Mil-STD-2000:
Inspector Number or Initial

Operator/Technician Number or Initial

IPC-AB00D, Class 3:

Board Summary (Fill in after completing Visual-Inspection, if applicable)

Visual-Inspection, Mil-Std-2000 Table XI

Visual-Inspection, Mil-Std-2000 Table XI

Solder Defects

Non-soldered connections

Rosin Connection

Fractured or disturbed

Excessive solder, lead not
discernible

Solder Splattering

Dewetting of solder
connection areas

Flux residue, oils, greases
on assembly

Overheated solder

Contaminants in solder
connection

All other solder defects
except those listed as level
B process indicators

A101

A103

A105

A107

A109

A112

A115

A117

A119

A121

Acc Rej
O o
O O
a 0O
O o
O O
O O
O O
o o

Solder Defects

Bridging

Cold solder joint

Insufficient solder

Poor wetting

Pits, Pinholes, Holes, or
voids

Solder points, peaks, or
icicles

Improper tinning of stranded
wire

Unfilled plated through
hole,(when fill is required by
drawing)

Excess solder in bend radius

A102

A104

A106

A108

A110

A114

A116

A118

A120

Acc Rej
O O
O 0O
O od
O O
O 0O
O 0O
O d
O 0
O o



Visual-Inspection, Mil-Std-2000 Table XI

Visual-Inspection, Mmil-Std-2000 Table XI

Assembly Defects

Improper Transmission of
stress of leads and wires
(improper stress relief)

Uninsulated wires or
component leads routed

over the circuit path where
shorting is possible

Birdcaged wire
Leads or wires scraped,
exposing metal or stretched

Excessive lead length
{electrical clearance
insufficient)

Excessive wicking
Excessive terminal fill

Improper lead bend
clearance

Component has improper
clearance to adjacent
components

Component not sufficiently
supported

Component less than 1/16
inch (1.6 mm) to edge of
PWB causing interference

Physical damage of
components

Improper terminal swaging

Wrong parts used

A130

A132

A134

A136

A138

A140

A142

A144

A146

A148

A150

A152

A154

A156

O O
O O

Acc Rej
O 0O
O O

Assembly Defects

Metal cased components
mounted over circuit path
(not insulated)

Charring, burning, or
damage to insulation
(affecting electrical
operation)

Cut or nicked leads or wires

Lead clinched beyond
allowable limits (electrical
clearance insufficient)

Insufficient lead length

Improper insulation
clearance

Improper lead bend radius

Unclinched components
where clinching is required

Component has improper
clearancé above the PWB

Glass-cased components
not protected by buffer
material when epoxy
conformal coating is used

Component obscures
termination or another
component (unless design
dictates otherwise)

Improper vertical mounted
component clearance

Leads cut after final
soldering

Wrong orientation of
polarized components

A131

A133

A135
A137

A139

At141

A143

A145

A147

A149

A151

A1563

A155

A157

Acc Rej
O O
O 0O

OO0
O O



Visual-Inspection, mil-Std-2000 Table XI

Visual-Inspection, Mil-Std-2000 Table XI

Assembly Defects Acc Rej

Component improperly A158 O O
spaced or located

Pattern delaminated (after  A180
solder)

O O
Excessive warp or twist (after A182 O 0O
solder) '

Separation of conductor A185 O Od
pattern

Assembly Defects

Damage to wire or strands A159

Burned, scorched PWB or A181
parts

Delamination of base material A184

Acc Re]
O O
O o
O o
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1.0  Introduction

A closed loop system for reporting, analysis, and correction of failures will be in
effect for failures occurring during the assembly and testing phase of the Clementine
Sensor Integration Project. The FRACAS will determine whether failures are
caused by design deficiencies, human error, defective parts, infant mortality, test
equipment, environmental exposure, or software. Once the cause of the failure is
determined, timely corrective action will be initiated to prevent recurrence. The
corrective action will then be followed up to make certain that it is effective.

2.0 Roles and Responsibilities

Implementation, direction, and monitoring of the FRACAS is the responsibility of
the LLNL Quality Assurance Group (QAG), they will review and record all
discrepant material, inspection and test records, and other quality reports to
ascertain the existence of quality or reliability problems. They will assure that all
failures and follow-up actions occurring during the acceptance test phase are
documented to enable resolution of all failures. A Test Discrepancy Report (TDR) is
initiated by the cognizant test engineer immediately upon failure occurrence. The
project lead engineer is responsible for the FRACA recommendations. The LLNL
QAG follows up on each FRACA action to assure that adequate corrective action is

implemented to correct the cause of the discrepant condition.

3.0 Procedures

The procedures described herein are based on established FRACA procedures and
provide a closed loop system to report, analyze and correct failures encountered
during all assembly and acceptance testing.

3.1  Discrepancy Reporting

All failures, unusual events or anomalies occurring during the assembly or
acceptance test phase are reported. All TDRs will be flagged as to the level of
concern (Red, Yellow or Green). The LLNL QAG will use the TDR form contained
in Appendix A to record data and information. The cognizant test engineer assures
that the appropriate information is included and that the TDR is complete and
accurate. The project lead engineer performs a preliminary analysis of all failure
reports and informs the LLNL QAG, program management, and engineering of any
needed changes. Failures requiring a design change are evaluated and
recommendations are made to change the baseline design.

3.2  Distribution
All TDRs are filed at LLNL and provided to SDIO in the form of a monthly report.

Any Red or Yellow level event will be tracked in subsequent reports until they are
closed out. The TDR report number is referenced in all "as-built" equipment logs
and a master data base enables location of the TDR copy in the QA files. Distribution
of the original and additional reproduced copies is as follows:



e Original TDR - The original copy remains with the failed sensor, unit,
assembly, module, or part and performs the function of a shop traveler until

the failure analysis is completed. Upon completion and close-out of the
TDR, the original is made a part of the "as-built" documentation package.

e Backup Copy - The backup copy is provided to the LLNL QAG. This copy
remains in a suspense file until the FRACA is completed. A copy of the
completed and approved original copy is received by LLNL QAG for close-out
of the TDR.

e Additional Copies - Reproductions of the original TDR are provided to the
cognizant test engineer and are included in the monthly report to SDIO.
Copies of the completed original TDR are provided to the cognizant test
engineer and to LLNL QAG for formal TDR close-out.

3.3 Additional TDRs

Additional TDRs are used to document the event sequence on any hardware item
that is removed from the original failed item, and the first TDR always remains
with the original failed unit. Additional TDRs are minimized to maintain only
those necessary to document completely the event sequence from higher-level
assemblies to the failed part or component. In each case where a new TDR is
initiated, the previous TDR shall be referenced to provide two-way traceability from
the initial failure occurrence to the final corrective action. Appendix B provides an
example that illustrates the manner in which the TDR's are prepared and copies are
distributed.

4,0 Failure Analysis

A failure analysis is performed on all TDRs prepared for assembly or acceptance test
failures. The failure analysis determines the cause so that necessary corrective
action can be taken to maintain sensor reliability. The failure analyses and
investigations are performed to the level of detail necessary to resolve the problem.
Based on the following types of data, the LLNL QAG and project lead engineer
mutually determine which failed parts require detailed failure analysis:

¢ Data provided by the FRACAS

¢ Narrative engineering reports

¢ Personal contact with engineering and test personnel
¢ The level of concern (Red, Yellow or Green)

Red and yellow level concerns may require convening a Material Review Board to
assist in the analysis.

All failure analysis reports are to be closed out within 30 days of the failure
occurrence. A written rationale is provided for any extensions beyond this period.
Clementine management is automatically alerted to ineffective corrective actions. If



LLNL does not have the facilities for in-depth analysis, they will arrange for the use
of an independent laboratory facility to perform such analyses.

If the cause of the problem cannot be determined within 30 days, the LLNL QAG
will perform measurements and tests on assemblies and parts. When physical and
chemical analyses are necessary, they will be performed by LLNL departments or
competent testing laboratories. Whenever it is necessary to conduct extensive or in-
depth examinations of failed components, the LLNL QAG will ask the manufacturer
of the device or a qualified test laboratory to perform the analysis.

Each failed part analysis will result in one of the following decisions:

¢ Inherent Weakness - This decision is made if there is an inherent weakness

in the part that would require redesign by the manufacturer, selection of a
new vendor, or change in the part type used.

* Misapplication of Component or Part - This decision is made if the failure is
caused by the misapplication of the item in the electrical, mechanical, or
environmental design of the equipment, thus requiring equipment redesign.

¢ Random Part Failures - This decision is made only if the failure is caused by
random part failures; i.e., an inherent part failure rate.

¢ Human Error - This decision is made if the failure is caused by human error.

Corrective action requests are forwarded to the responsible individual who will
then provide a response with a description of the actions taken. These actions are
monitored to assure that the corrective measures have effectively resolved the
problem. Summaries of the failure reports, analyses, and corrective actions are
maintained for SDIO review.

4.1 Disposition of Failed Parts and Material

The disposition of failed parts and material after the completion of the FRACA is as
directed by the LLNL QAG.

42  Reporting

A formal failure analysis report is prepared by the laboratory or group tasked to
perform the investigation. The report original is filed with the TDR original and a
copy of the report is forwarded to the LLNL QAG and the TDR files.

5.0 Corrective Action

The LLNL QAG periodically reviews the status of each TDR to assess the progress of
the FRACAS. Required corrective action must be implemented before the close-out
of the TDR. Close-out of the TDR is initiated by the project lead engineer after
corrective action is undertaken. The TDR is closed out when both the project lead



engineer and the LLNL QAG representative have signed the original TDR and have
forwarded a copy to the LLNL QAG files.

6.0 TDR Completion Instructions

The original TDR serves as the master upon which all update information is
entered. Figure 1 describes the TDR form in detail with instructions for each block
item. The TDR is divided into four major sections.

6.1 Hardware Description and Environmental Data

The originator completes this section. It identifies the hardware levels and
conditions under which the failure occurred.

6.2  Description of the Discrepancy:

The originator completes this section. It defines the nature of the report, describes
the problem(s) encountered, identifies parts or modules replaced and provides
other pertinent data. A continuation sheet is used if more space is required.

63 Removed Hardware Results

This section records the results of investigations and analyses performed and
conclusions covering the reasons for the failures or problem. Reference to failure
analysis reports or other documents is made in this section. The continuation sheet
is used if more space is required.

64  Corrective Action

This section describes the recommended corrective action. Corrective action
document numbers as well as narrative indicating completion and corrective
actions are included. A continuation sheet is used if more space is required. Close-
out of the TDR is accomplished by authorized signatures from the project lead
engineer and the LLNL QAG.

7.0  Failure Analysis Report

A formal Failure Analysis Report is completed by the cognizant test engineer
responsible for the failure analysis. The format depends on the nature and severity
of the failure, but in all cases the following information is included:

1. Name of the test engineer responsible for performing the analysis.
2. Name of the laboratory or subcontractor performing the detailed analysis.

3. Date the failed parts were made available to the analyst.

4. Date the analysis was completed.

5. Serial number of the TDR.



6. Classification of Failure (Modes): A statement of the primary defect or
damage as determined by the analyst; e.g., Capacitor Shorted.

7. Narrative discussion of the cause of the problem. For example, the analyst
shall describe the procedures used in locating and defining the defect or
damage and a statement of the results obtained. Methods used by the analyst,
such as electrical or mechanical measurements, X-rays, destructive physical
analysis (DPA), or other user tests are included in the discussion.

8. Responsibility for Failures: A statement identifying the area or functional
organization which in the analyst's opinion was principally responsible for
the defects or damage is included. For example, the responsibility may be

assigned to the manufacturing function, the quality organization or the test
organization.

9. Recommendations: The analyst's recommendation for improving the
situation is included. As applicable, recommendations may include a revision
of manufacturing or handling processes, revision of a specification, revision
to the design or a component, or a change to another component known to be
of better quality and higher reliability.

8.0 FRACAS Definitions
During the conduct of FRACA activities, the following definitions will apply:

* Faijlure Analysis Laboratory - Facilities where detailed investigation(s) are
performed on failed parts, components, or assemblies

¢ Failure Analysis - Investigations required to determine mode and causes of
significant failure or malfunctions so that necessary corrective action can be
taken to improve reliability

¢ Failure Cause - Reason (external to the device) that the condition that
resulted in failure exists (e.g., improper cleaning, excessive temperature, or
contaminated solder)

* Failure Mechanism - The physical or chemical condition within the device
from which the failure directly resulted (e.g., cracked wire, surface
contamination, or shorted internal parts)

* Failure - Any trouble in a part or assembly evidenced by one or more relevant
characteristics not conforming to specified limits.
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Appendix A

Al. See the following page for “Clementine Sensor Suite Fabrication and
Acceptance Test Discrepancy Report” form.

Al



Clementine Sensor Suite
Fabrication and Acceptance Test Discrepancy Report

Date: Assembly: Discrepancy
Report Number:
Serial #: Procedure: Step:

Module Responsible for Failure:

Description of discrepancy, including symptoms and test /environmental conditions:

Reported By:
Corrective Action:

Reported By:
Hardware or Software Change, if any:

Performed By:

Approved by: ‘ Signature: Date:




Appendix B

TDR Example

_ A test failure occurs during LIDAR acceptance testing, and the fault is isolated to
the Range Receiver module. The following steps are taken:

1.

2.

The top half of the TDR form is prepared for the LIDAR.

After the LIDAR is disassembled and the Range Receiver module is
removed, the Range Receiver module identification data, including name,

‘part number and serial number, is entered in the "Hardware or Software

Change, if any:" block on the LIDAR TDR.

A Range Receiver module level TDR is prepared and the LIDAR TDR
report number is entered in the space provided for "Description of
Discrepancy, including Symptoms and Test or Environmental
Conditions.” In like manner, the Range Receiver module level TDR report
number is referenced on the LIDAR TDR in the space provided for
"Hardware or Software Change, if any:"

The TDRs are distributed as follows:

¢ The backup copy of the LIDAR TDR and the Range Receiver module
TDR is sent to the LLNL QAG.

* The original LIDAR TDR remains with the LIDAR documentation
package, and the original of the Range Receiver module TDR remains
with the failed Range Receiver module to function as a shop traveler
during the FRACA and Range Receiver module repair.

¢ A copy of each of the LIDAR and Range Receiver module TDR
original is reproduced and provided to-the project lead engineer and
to SDIO. -

If further failure analysis is required on the failed parts removed from the
module, a third-level TDR is prepared for the parts. The part's level TDR

original will accompany the failed parts through failure analysis.

When the analysis is completed, the "Corrective Action" block of the parts
TDR is completed, and the analysis and repair/inspection data is entered
on the module TDR in the "Hardware or Software Change, if any:" and
"Corrective Action" blocks. '

The data from the Range Receiver module and part-level TDRs are
summarized on the LIDAR TDR original; and the test engineer and the
QAG complete the "Effectivity,” "Approved" and "Date" blocks on the
original.

Bl



8. The parts TDR (original) is retained by the LLNL QAG. The Range
Receiver module TDR (original) is filed with the Range Receiver module
"as-built" documentation package. The LIDAR TDR (original) is filed with
the LIDAR "as-built" package, and two copies of the parts, Range Receiver
module and LIDAR TDRs (originals) are distributed as follows:

e Test Engineer (one copy for file)

¢ LLNL QAG (one copy to close out the FRACA suspense file)
¢ SDIO in the monthly report

B2
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Introduction

This document describes the requirements for the purchase and screening of EE

components for the Clementine Sensor Suite. The objective is to assure that only the
highest reliability parts are used in the Clementine Sensor Suite.

Parts Purchase

Active components will be purchased to the highest grade available according to the
precedence shown in Table 1 below. All other parts will be purchased with the highest
reliability level available within program constraints. All components will be screened per
this document, as required, based on their purchased reliability level.

Precedence | Grade Description
1 MIL-M-38510 | /883B,JAN,].
2 Extended Ceramic Package,
Temp. -55 to +125°C Operating Range
Program Screening Required
3 Industrial- Ceramic Package,
Ceramic 0 to + 85°C Operating Range
Program Screening Required
4 Commercial- | Ceramic Package,
Ceramic 0 to + 70°C Operating Range
Program Screening Required
5 Industrial- Plastic Package,
Plastic 0 to + 85°C Operating Range
Program Screening Required
6 Commercial- | Plastic Package,
Plastic 0 to + 70°C Operating Range
Program Screening Required
7 Special Vendor Specific Requirements
Program Written Description Required
Program Screening Required

Table 1. Parts Purchase Precedence




Parts Screening

Part screening is directed toward insuring that all components used in the Clementine
Sensor Suite are free from incipient failures and to precipitate failure of any marginal
components. The screening tests and procedures are those known to uncover potential
failure mechanisms of the components.

The screening applied to a procured component after delivery will be fitted to that :
component in relation to the reliability level of the procured version. That is, the higher
the reliability level of the procured component, the less screening required in the post
procurement test program. The screening program is also varied according to component
type and their respective reliability history.

Regardless of the purchased reliability level of components, all components will be
subjected to supplementary screening and inspections that will result in a reliability level
equivalent to parts specified in the QPL.

The program screening, test and inspection requirements, with the specific methods
defined by the applicable test documents and military standards are presented in the flow
diagrams given in Figures 2 thru 15. The electrical parameters that may be measured
during screening are identified in Table 2. Specific parameters measured will be tailored
to the exact application of that component. Full screening tests and inspections are
required on industrial and commercial grade components , while supplemental screening
tests will be performed on components that have been subjected to some level of reliability
oriented processing and testing not considered sufficient for this application.



Part Type Parameters to be Tested

Integrated Circuits | ICCH, ICCL, IIH, IIL, IOH, IOL, IOZH, IOZL, VIN, VIL,

Delay Lines VIK, VOH, TPLH, TPHL, TAA, TACS, TOE, TOHZ,
(Digital, CMOS, TCHZ, T-RISE, T-FALL, T-SKEW, Functional
ECL) Performance

Integrated Circuits | £ICC, VOS, £1B, +VO, CMRR, PSRR, +CMV, IDO, IDG,
(Linear) ISOH, ISOHL, ISINK, VOH, VOL, GBWP, :SLEW RATE,
TPDHL, TPDLH, Functional Performance

Oscillators Frequency, Wave form Linearity, Supply Current

Transistors hFE, ICBO, VCE(SAT), VBE(SAT), ICES, ICEO, IEBO,

(General) VBE, BVCER, BVCES, ICEX

FET's (General) BVDsS, IDss, ID-ON, VSD, RDSON, GFS, VP, VSTH, ID-
OFF, IGSS, VDS-ON, VGS-OFF

SCR's VGT, IGT, IDRM, IRRM, VTM, IH

Diodes (Recﬁfiers) VE IR

Diodes (Zeners) VZ,ZZ, VE

Capacitors Capacitance, DF, IR, DCL, ESR
‘ Resistors DC Resistance

Resistor Networks

Coils and Inductors | Inductance, Q, DC Resistance, DWV

Transformers Inductance, Turns Ratio, DC Resistance, DWV

' Connectors DWV

Table 2. Electrical Parameter to be Tested at Final Test
Applicable Documents

The flow diagrams given in Figures 2 thru 15 refer to various military standards and test

methods. A military standard will be listed in the lower left hand corner of a block in the
flow diagram. The applicable test method is listed in the lower right hand corner of the
block. See Figure 1 below for an example that refers to MIL-STD-883D, test method 1015.



POWER BURN-IN
(DYNAMIC)
883D TM1015

Figure 1.

Summary

Active components will be purchased according to the precedence presented in Table 1.
All passive components will be purchased to the highest reliability levels consistent with
project requirements. All components will be subjected to some level of screening or

testing prior to use in Clementine Sensor Suite sensors.
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Appendix A.5
Clementine Sensor Suite Waiver Procedure
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CLEMENTINE ENGINEERING NOTE D
Sensors Integration Project C1-S0-006 Qm
THTLE: ASSY._All S
Clementine Sensor Suite ORIG: W.R. Bryson
Waiver Procedure DATE: 15 March. 1993 B
APPR: =
Abstract:

This document describes the conditions and methods for use of formal waivers
in the Clementine Sensor Integration Project.

Lawrence Livermore
National Laboratory

Total Document Pages: 3




1. Scope

This document describes the formal waiver procedure that applies to any component that
fails to meet the Clementine mission requirements.

2. Purpose

In order to meet the mission reliability requirements, all components and piece parts (refered
to-as components from here on) are required to meet certain minimum standards. If any =-.
component does not meet these standards, then a procedure is required to determine the
effects of this deficiency, explore possible alternative routes and ultimately accept the
component as it is or the reject it. This procedure describes the LLNL Clementine Sensor
Integration Project’s Waiver Procedure.

3. Conditions Requiring Waivers

In all cases where a component fails to meet the mission radiation environment, fails to meet
the required screening procedure or does not meet purchase/manufacture specifications, a
formal waiver must be requested. These conditions shall include but are not limited to the
following:

1) EE Parts that do not meet the 20 Krad(Si) mission requirement.
2) EE Parts that are not single event upset immune.
3) EE Parts that are not single event latchup immune.
4) EE Parts that do not meet the Clementine Sensor Integration Project Parts
*  Program requirements, C1-EE-022.
5) Purchased or manufactured parts, components or subsystems that do not
meet their specifications or standards.

4. Handling of Waiver Requests

4.1 Any purchased or manufactured part, component or subsystem (referred to as parts
from here on) that requires a waiver, shall have a failure modes and analysis (on the affected
system) done to determine the possible consequences to the mission.

4.2 A formal waiver request shall be prepared for the part outlining the results of 4.1 and
providing alternatives to using the part. The waiver should be signed by the cognizant
engineer and shall include her/his recommendation for acceptance or denial of the waiver.
See Appendix A for a sample of the waiver request form.

4.3 Waivers shall be approved/disapproved by the Clementine/DSPSE waiver review
committee. This committee is comprised of two representatives from LLNL, two from the
NRL and one from SDIO. Waivers may be resolved formally, through meetings, or
informally through telephone and FAX communications. The SDIO chairperson will

determine the resolution process.

4.4 A record of waiver requests, approvals and denials shall be kept by the Clementine
Quality Assurance Group.



DSPSE Approval Need Date:

Waiver Request
DSPSE Project Waiver Number: Sheet 1 of
Requester: Organization: Phone: Date:
System / Subsystem Effected Related Waivers
Deliverable:

Original Requirement (List specific requirement, indicating document title, #, section and
paragraph, attach additional pages as required)

Waiver Requested (Be Specific, attach additional pages as required)

Justification for Waiver: (attach additional pages as required)

Effect on Performance of Deliverable (If waiver is approved, attach additional pages as
required)

APPROVAL/ ROUTING
(Attach Reasons for Disapproval)

Title Signature Date Yes No
LLNL QA OO
LLNL Sys Eng Ol
NRL O g
NRL 0O |0

[SDIO 0|0

Distribution:
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APPR: & << St
Abstract:

This document describes the requirements for inspection, cleaning, masking,
priming and application of Parylene conformal coatings.

Lawrence Livermore Total Document Pages: 15
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~ Scope

“is document describes the requirements for inspection, cleaning, masking,
z1ming and application of Parylene conformal coatings.

2 Inspection

=1  All printed wiring assemblies shall be inspected prior to conformal
coating. This inspection is to insure that the assembly has received no
camage during verification and testing, that it is free of all contamination, all
saking and gluing operations have been completed and all fasteners have
22en torqued. All rework must be completed at this point. The Assembly Log
—tust be current and complete. The date of this final inspection and any
&iscrepancies shall be recorded in the Assembly Log.

3 Final Cleaning

Zne cleaning of substrates is an extremely important step and is critical to
ootaining good adhesion of Parylene. Reagent grade or equivalent solvents
shall be used for all cleaning operations. Surface contamination, such as ionic
znd organic residues, and especially finger prints and residual solder fluxes,
—ust be removed. These contaminants are difficult to detect but, if not
removed, can cause reduction in or loss of adhesion.

Caution:

All printed wiring assemblies are to be handled with clean room gloves
or finger cots from this point on.

Printed wiring assemblies are to be stored in a New anti static bag with
desiccant during transportation and storage from this point on.

The shelf life of the solution prepared in 3.3 is 24 hours. Dispose of this
solution after that time.

Isopropyl alcohol is poisonous.

All waste disposal must be in accordance with Federal, state and local
laws and regulations in addition to LLNL and DOE rules and
regulations.

=1 All printed wiring assemblies shall be given a final cleaning in the
-Teon degreaser prior to conformal coating. This cleaning shall be done
zzcording to posted cleaning procedures.

e

2 Assemblies shall to be allowed to air dry for at least 30 minutes.



3  Prepare a Silane A174 solution using the following ‘proportions:

1.0 ml A174
5.0 ml De-ionized Water
1000 ml reagent grade isopropyl alcohol

Allow this solution to stand overnight or stir for two hours
prior to use.

34 Immerse the printed wiring assembly in reagent grade isopropyl
z.cohol for 10 minutes.

35 Immerse the printed wiring assembly in the Silane A174 solution
Trepared in 3.3 for 30 minutes.

36 Remove the printed wiring assembly from the Silane A174 solution
zad allow to air dry for 30 minutes. Suspend the assembly to insure that any
solution draining off does not contact the assembly.

37 Rinse the printed wiring assembly in reagent grade isopropy! alcohol
ror 5 minutes.

*8  Allow the printed wiring assembly to air dry for 30 minutes.
L Bake and Vacuum Drying

Cleaned printed wiring assemblies must be baked to remove all moisture and
volatiles.

£1  Place the printed wiring assembly in a suitable temperature chamber
znd bake at 95+ 5 °C for 6 hours.

£2  Transfer the printed wiring assembly to a vacuum chamber and pump
atil the pressure in the vacuum chamber stabilizes at less than 106 torr.

3  Allow the printed wiring board to remain in the vacuum chamber for
z: least 6 hours.

-

£4  Back fill the vacuum chamber with dry nitrogen, remove the assembly
zad place in a new clean antistatic bag with desiccant.

Note: Handle the assembly with new, clean room gloves or finger cots.



X Masking Prior to Parylene Coating

3.2 Mask all areas of the assembly that are not to be Parylene coated

ccording to the appropriate procedure using Techform TC-530. Allow the
—=sking to cure.

6. Parylene Coating

6.2 Apply a 0.5 to 1.0 mil coating of Parylene using the methods describad
in appendix A of this document.

6= Upon completion of the coating process, remove the assembly
i=mediately to a clean antistatic bag with desiccant. All further operations on
the assembly must be completed in a clean room environment.



Appendix A.

Przpared by Joseph W. Burris

Section 1: Operating Procedure.

1.2 This section details the techniques required to perform Parylene
deposition with the Specialty Coating Systems, Inc. Model 2010.

12

Cold Trap Operation

Warning: Operation of cryogenic devices poses the threat of severe
injury. Refer to Section 2.4 for safety precautions required when
operating the Model 2010 cold trap.

Mechanical Chiller

The Model 2010 is equipped with a mechanical chilling unit, induding
a cold trap thimble which inserts into the cold trap housing. For
operation of this unit, follow the manufacturer’s instructions.

Note: The mechanical chiller is equipped with a “T” type
thermocouple which measures the temperature of the probe. This
thermocouple may be used to monitor cold trap temperature during a
coating cycle. If this temperature is being monitored, the vaporizer
heaters should not be enabled until the cold trap probe is below -75°C.
If this temperature is not being monitored, the mechanical chiller
should be allowed to operate for at least 45 minutes prior to initiating
the vaporizer heaters. (This is done to ensure that the cold trap is a:
low enough temperatiire to adequately capture Parylene process by-
products and hence protect the vacuum pump.)

Automatic Coating Cycle

Preparation

1. Check the log book located on the front door of the PDS 2016 “or
the following:
A) Not more than 9 Parylene coating runs have been made
since the last vacuum pump oil change.
B) Not more than 100 grams of Parylene dimer have been

processed since the last vacuum pump oil change.

Note 1: Vacuum pump oil changes will be noted in the log book
remarks column.
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Note 2: If either A or B above has been exceeded contact
maintenance person listed on right side panel of PDS
2010 (proceed no further until vacuum pump oil has
been changed).

2. Open the front door of the PDS 2010 and check the vacuum
pump oil level located in the lower right-hand corner. The oil level
should be between the “Full” arrow and the “Add” arrow. The oil
should not appear cloudy, dirty, or otherwise contaminated.

Note: Any problems with oil level or clarity contact
maintenance person listed on right-side panel of PDS
2010. Proceed no further until problems are corrected.

3. Weigh the Parylene dimer to be processed and enter the amount
in the log book.

4. Place the Parylene dimer in the “dimer boat” and load into the
vaporizer through the access port which is located in the lower front
compartment.

5. Treat all surfaces of the baffle, chamber interior, and cold trap
thimble with a release agent (2% soap solution). Refer to Section 3.1.1.

6. Insert the baffle in the inlet opening. Use high-temperature tape
to retain the baffle securely in position.

Important: Be sure to tape the small gap which may exist at the
rear side of the baffle/inlet port interface (the side closest to the center
of the chamber). Failure to tape this gap results in a monomer gas path
which leads directly to the substrate, without passing through the
baffle. This could have a detrimental impact on coating quality.

7. Hang parts to be coated from the fixture and place the fixture on
the chamber base. Allow clearance around pump outlet and avoid
direct contact with the inlet baffle. Enter board size, type of board and
the number of boards being processed into the log book.

Note: It is important that a glass witness plate (located next to
the PDS 2010) also be hung from the fixture for each coating run. This
allows coating thickness to be measured.

8. Make sure the o-rings and gaskets and their matching surfaces

are very clean. Lower chamber over the base, insert cold trap thimble
into the cold trap housing, close and seal the vaporizer access door.
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9. Start the mechanical chiller.

Start-Up

10.  Switch on Main Power. The white indicator will be illuminated,
the computer will initialize, and the vacuum and temperature
controllers will illuminate. Enter the “Start Time” in the log book.

11. Switch “on” the furnace/gauge, evacuate, vaporizer, and alarm
rocker switches. Press cold trap thimble so that it is flat against the cold
trap housing to form a vacuum seal.

Computer Control Sequence

With all control switches enabled as above, the computer will
automatically control the deposition process in the following sequence:

12-1. Furnace and gauge tube heaters come on and heat up to the set
point value (SU). Pump comes on and begins pumping down the
system: :

¢ Vaporizer is disabled.

. Fault alarm is disabled.

12-2. When the furnace and gauge tube heater are within the
allowable deviations of their setpoint (+15°C), the pump pressure is
below base pressure as indicated by the “L” light on the vacuum
controller, and the protracted pump down timer has timed out:

e The vaporizer is enabled and begins to ramp up.

e The fault alarm remains disabled.

12-3. When the vaporizer exceeds 90°C, coating has begun:
¢ ‘Fault alarm monitoring is enabled.
¢ End of run monitoring is enabled.

12-4. If the furnace or gauge tube should go out of their allowable
limits, or the pump pressure exceeds 100, a fault alarm will be
indicated:
¢ Red Fault Light comes on.
e Audio alarm is sounded (this can be silenced by turning ofr
the alarm rocker switch).
* The 5 minute fault alarm timer is initiated. If the fault does
not clear before the time elapses, then a shut down will be
initiated as described in item 12-6.

12-5. When the coating run has completed:
¢ Vaporizer will hold at a temperature of 175°C.
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* The pump pressure will go below base pressure.
* The 5 minute end of run timer begins timing out before
initiating a shut down as described in item 12-6.

12-6. A controlled shutdown will occur when end-of-run or a fault
condition has been indicated:

* The furnace, gauge tube, and vaporizer heaters are disabled.

* The pump remains on to secure the process by preserving the
vacuum.

End-of Run

13.  Turn off the cold tap.

14.  Place the vacuum switch in the vent position. After venting,
push the vacuum switch in the center off position. The chamber is
now ready to be unloaded.

In order to preclude contamination and accumulation of water
vapor, evacuate the vacuum system before shutting down the
equipment.

15. Unload chamber and clean unit, refer to Section 3.1.1.

Successive Runs

If a another run is desired, the following preparation must be taken:
1. Turn off the heater output control switches.

Important: DO NOT re-enable the furnace/gauge tube heaters at
this time by leaving the furnace/gauge tube control switch on and
pressing the computer reset button. If the furnace and gauge heaters
remain at operating temperatures when the computer is reset, it will be
interpreted as a brief power interruption, and the vaporizer heaters
will be enabled prematurely.

2. Remove and clean the cold trap thimble. (Beware of extremely
cold temperature, wear protective gloves.)

3. Hang parts on fixture (Caution: the chamber base inlet and baffle
may be hot.)
4. After the vaporizer has cooled below 90°C, load a new charge of

Parylene dimer. Loading the vaporizer above this temperature will
cause immediate vaporization of Parylene dimer, causing pump down
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problems and possibly degradation of the subsequent coating run (wear
protective gloves if vaporizer has not cooled completely).

*5. Reseal chamber, could trap thimble, and vaporizer door.
6. Re-start the cold trap.

7. Turn on the heater control switches and place the vacuum
switch to Evacuate (observe pump down rate for possible leaks).

8. Push the computer reset button to restart the program.

9. See items 13, 14, and 15 above for “end of run” procedures.

&



Section 2: Machine Safety

The XZodel 2010 Parylene Deposition System contains potential safety hazards
to opzrators and service personnel if appropriate precautions are not
followed. These potential hazards include:

Electric shock

Thermal burns

Contact freeze injury by cryogenic apparatus
Catastrophic loss of vacuum/implosion

The 7ollowing sections describe the precautions which should be reviewed
and odserved prior to operation of this unit. Unless service is being
periormed by qualified and authorized personnel, all access panels to the
Moce: 2010 cabinet should be closed whenever the machine is powered.

2.1.  Vapor and Pyrolysis Section

Unce: normal operating conditions, the vaporizer and pyrolysis furnace and
nearpy components are maintained at temperatures which can cause burns
on coxtact, and are powered at 110 volts AC. These areas are enclosed within
the 2010 cabinet and should not be touched any time the machine is powered
or curing cool down after a coating cycle.

22  Dimer Loading Door

The loading door heating element is controlled as a part of the vaporizer. A
metal shield covers the heating element to protect against electric shock.
However, when the vaporizer is enabled, this shield becomes hot. This part
of the coating unit should not be touched during heat-up, deposition, or cool
dowT: after a coating cycle. Wear protective gloves if it becomes necessary to
open: the loading door when the door is hot.

23  Deposition Chamber Vacuum Sensor

The czamber vacuum sensor must be heated to prevent deposition of
Parviene on the sensing elements. Protective gloves should be worn if it
beco=es necessary to handle the heating element or the sensor itself when
thev z-e hot.

24 Cold Trap

The Model 2010 is available with a mechanical chiller unit in lieu of the
liquic nitrogen system. The surface of the thimble with this configuration
can reach temperatures below negative 120 °C. Caution should be exercised to
avoic direct skin contact with the thimble of a mechanical chiller cold trap
whez it is cold.



2.5 Inlet Baffle

Protezive gloves should be worn when removing the inlet baffle from the
depostion chamber after a coating run. This baffle may become heated to
temperatures in excess of 200 °C via radiation from the pyrolysis furnace
durinz deposition.

2.6 Glass Viewports

Glass viewport(s) are provided to allow viewing of the substrate and fixturing
during the coating process. A viewport which is damaged or improperly
instal:2d poses a potential implosion threat while the chamber is under
vacizzm. Such an implosion would likely damage the substrate and/or the
coatng equipment, and could possible cause personal injury.

Do nox operate the Model 2010 if one of the viewports is cracked or
improperly installed. Avoid impacts to the viewport surfaces while the
system is under vacuum.



Section 3. Maintenance Procedures
3.1 Routine Maintenance and Inspections

As wit: any coating process, substrate and equipment cleanliness are the keys
to a high quality coating. Keeping the Model 2010 free from dust, dirt, and
grime, oth inside and out, will insure a clean substrate and good Parylene
deposiZon. Conscientious observance of the following instructions can help
assure smooth operation with minimal downtime.

3.1.1 Parylene Deposition Removal

The nazure of the Parylene coating process necessitates the periodic removal
of the Farylene that is deposited on the interior surfaces of the coating
chambe and related components.

Applyizg Release Agent

To 2id the removal of the deposited film is imperative that a release agent be
appliec to all surfaces that will be coated and subsequently stripped. A 2%
mixture of “Micro® Laboratory Cleaning Solution” (manufactured by
InternzZonal Product Corp.) with de ionized water is an effective release
agent. Application is most effectively performed with a spray bottle and a
lint-ez cloth. Components for application include:

* interior of coating chamber and base

* inlet baffle

* cold trap thimble and housing

* piping between coating chamber and cold trap

* any other items that appear in the coating chamber that will be
stripped of film (reusable fixturing, witness strips, etc.)

Once Pzryvlene has been deposited, a Micro, soap interface between the
Pary:ene film and the coating chamber interior has been established. This
Micro& soap interface will remain until the Parylene film has been removed.
It is 01 necessary to apply the release agent to the Parylene film itself, but
only =0 zhe bare, uncoated surfaces that will receive a coating during the first
depesizon cycle after cleaning.

NOTE: It is not necessary nor desirable to apply Micro® soap to any o-ring or
gask=:.

Panv:en2 Coating Removal

The o owing items should be cleaned when the coating becomes excessively
heavy, Slisters or separates from the surface.
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* Deposition Chamber

¢ Viewing Port

e Inlet Baffle

¢ Chamber Ports, Inlet and Exit

Parylen= deposits thicker than .001 inch on the chamber interior walls, base
and bafie should be stripped. Avoid using sharp tools for removing deposits,
as thev zan nick the surfaces making it more difficult to remove deposits the
next tir:e.

Do not =v to remove thin coatings. However, sections of coating that pull
away from the surfaces can cause problems if they are not removed. The
main problem which can occur is collapsing (or pulling completely away) of
the cozZng when the system has been loaded for a run. When the system is
placec under vacuum, air entrapped under the coating will migrate, possibly
pulling :he coating away completely. If this happens in the deposition
chambs=, the coating will surround the fixture, preventing the dimer from
depositag properly. If this happens in the pump out port, the collapsed
coating could reduce or eliminate the vacuum needed to achieve an
accepiz=le quality coating.

Cold T-zp Thimble

To insure the coldest possible cold trap thimble surfaces, deposits should be
removel after each run. Also, corrosive compounds are produced (in small
amoumn:s) as a by-product of Parylene deposition and are subsequently

. condensad on the thimble surface. Therefore, regular cleaning is imperative
to prevent corrosion and pitting of the cold trap thimble. See MACHINE
SAFET (Section 3) for precautions required when handling cryogenic
appacz:s.

Non-merallic Abrasive pads, such as “Scotch Brite”, have been found to be
useful for removing the thin layers of polymer that deposit on the lower
portion: of the thimble.

5.1.2 Vazacuum Integrity

Vacuz= leaks are usually due to contamination of sealing surfaces and o-
rings. The contamination, in most cases, has been found to be small particles
of treoz=d polymer. It is good operating practice to check the sealing surfaces
of .the vzporizer access door, chamber ring, and cold trap thimble flange prior
to pumring the system down. For leak detection, the use of solvents is NOT
recorm—2nded. Solvent flammability and noxious vapor creation could
resul: i~ serious injury or equipment damage. Use of a helium leak detection
system is the approved method.
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5.1.3 Vacuum Pump

The oil in the vacuum pump not only provides lubrication and wear-
protection for the pumps internal components, but also performs a critical
role in the pump’s ability to reach its ultimate pressure. For optimum
performance, the pump oil should be keep free from foreign particles and
excessive condensable vapors. The Model 2010 includes both a cold trap and a
wire mesh I:let screen to protect the pump from most contaminants.
However, as with any oil-lubricated device, the pump will require routine oil
changes. (Rafer to the documentation supplied by the manufacturer for a
complete description of operation and service to the vacuum pump.)

Oil changes “or the Model 2010 vacuum pump should be scheduled based
upon the folowing events, whichever comes first:

. Azwer 10 coating runs.
N A~er a process throughput of 120 grams of Parylene dimer.
. Anytime that the cold trap has exceeded (been higher than) -75 °C

during deposition (such as when the LN source has been exhausted
dusing a run).
. Whenever the oil appears cloudy, dirty, or otherwise contaminated.
. When, after a coating cycle has been performed, the machine is
scteduled to be idle for more than one (1) week. (Changing the oil
beore periods of non-use will prevent corrosion of pump

ccmponents during storage.)

NOTE: The system base pressure should be regularly monitored. Increases
not attributzd to vacuum leaks or outgassing usually indicate a deterioration
of the pumring system. This deterioration is usually due to the passage of
process by-croducts that are not effectively trapped by the cold trap thimble.
In some ins:znces, lower cold trap temperatures will alleviate this condition.
Normally, t=2 lower system base pressures can be restored by cleaning the
inlet screen zt the pump inset and/or changing the pump oil.

5.14 Vacuim Pump
The vacuu= gauge is heated to 140 °C to protect if from Parylene build-up.
However, 22 small port in the chamber base to which the gauge is connected

is subject to >uild-up. This port should be regularly inspected and stripped as
polymer buid-up could interfere with the vacuum readings.

5.1.5 Vaporizer

The vaporizzr and access door are subject to Parylene dimer film and ash
build up. These areas should be cleaned when these conditions are noted in
order to prevent coating contamination.
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Dimer Boz:

A 2% Micro soap solution, when used with a non-metallic abrasive pad
(such as “Sceich Brite”) has been found to be effective at cleaning the dark
residue which accumulates in the dimer boat after a coating run. Regular
removal of txis residue will keep the dimer boat free from contaminants and
extend its useful life. (If several runs are performed without removing this
residue, it tends to harden and becomes more difficult to remove.)

All
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PLANNED UPDATES/TBDS

. This document contains the best informatien available as the date of release. Below

is a list of items which are currently TBD or areto be changed at a later date. These
will be updated when new information becomes available based on ongoing
analysis and or tests.

Section i.4 Sensor General Characteristics Document "Star Tracker Camera
Performance Specification, LLNL ENC1-51-006 will be available 1 June 1993.

Section 3.3. Thermal Interfaces Thermal interfaces are by analysis only at this time.
Data obtained in May 1993 from prototype testing will be used to update that
information presented.
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1. SCOPE

P

1.1.  Scope .

This document is the interface control document (ICD) for the Star Tracker Camera
(STC). It identifies the optical, mechanical, thermal and electrical interfaces for the
wide field of view (WFOV) Stat Tracker Camera (STC) to be used on the deep space
program science experiment (DSPSE) spacecraft (Clementine).

1.2. Purpose

The purpose of this document is to define the optical, mechanical, thermal and
electrical interfaces for the STC on DSPSE.

1.3. Revision Control

This document contains the sole and controlling definition of the interface for the
STC supplied by LLNL for use on the DSPSE spacecraft under construction for the
SDIO by the NRL. Revision of this document will be made only under the written
authority of the LLNL Sensor Integration Project Manager. Upon acceptance by
signature of the information in this document requests for revision may be initiated
by either the LLNL or the NRL Program Managers for consideration by a formal,
regular and timely procedure conducted under the auspices of the SDIO Program
Manager. Subsequent revisions will be incorporated into all relevant documents
upon the written direction from the SDIO Program Manager.

1.4. Sensor General Characteristics

As information, the general characteristics of the STC are summarized in Table 1-1.
Details are contained in the Star Tracker Camera Performance Specification, LLNL -
document ENC1-51-006.
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Table 1-1. Star Tracker Camera Characteristics

Attribute

Characteristic

Focal Plane Arrays

Type Thomson TH7883-F02-01-B/T
51 CCD - 04 to 1.1 microns
Pixel Format 384 x 576
Array Size 8.83x 1325 mm
Pixel Size 23 x 23 microns
CCD Operating Temperature 10°C Maximum (Clementine spacecraft specific)
Optics
Type Concentric Refractive
Aperture 14.0 mm diameter.
Focal Length 175 mm
Speed F/125
Imaging
Spectral Range -04 to 1.1 microns
Array FOV 28.9°x434°
IFOV 1.314 x 1.314 milli- radians
Point Spread 20%-40% of image blur energy in 23 um square and

Noise Characteristics

>80% in 75 pum square

< 120 electrons @ 20°C for 50 ms integration time.
Dark current and non-uniformity are limiting for
longer integration times.

Electronics

A/D Resolution
Frame Rate
Readout Time
Digitization
Readout Noise
Integration Time

8 bits

<10 Hz

54.8 msec

75,150, 350 e~ /count

60 e RMS

0.2-773 ms (typical =150 ms)

Offset Control 248 gray level offset; 5 bit control word; LSB = 8 gray
levels
Average Power
Camera < 3.6 Watts (nominal)
Lens Heater < 1.95 Watts (50% duty cycle @36 v)
Physical ‘
Envelope 11.7amx11.7cmx 132 an
Mass < 364g (Includes Baffle Assembly)
Thermal
CCD Temperature
Operating 20to +10°C
Non-Operating -40 to +85 °C
Optics Temperature
Operating -20 to +40 °C
Non-operating -30to +70 °C
Base plate Temperature
Operating 20to +2°C
Non-Operating -30 to +70 °C




2. DOCUMENTS

2.1.  Controlling Interface Drawings

Source

Drawing Number

Title

LLNL

AAA92-100839-0B

Star Tracker Camera Mechanical Interface
Control

2.2. Reference Documents

Source  Drawing Number Title
LLNL LEA92-3128-01-0C Schematic ACTEL Camera w/ Gain and Offset
. Control (Address 3)

LLNL LEA92-3128-11-0C Schematic ACTEL Camera w/ Gain and Offset
Control (Address 6)

LLNL Cl-AAA92-106282-00  Star Tracker Camera Document Tree

LLNL AAA92-104603-0E Circuit Board ICD (ACTEL Camera)

Source  Documents Title.

LLNL DN61033-30520-02 Synchronous Addressable Serial Interface (SASI)

LLNL CI1-EE-031 Actel Camera

LLNL C1-EE-007 Actel Camera, Power Dissipation Analysis

LLNL  CI-EE-032 Actel Camera, Timing Report

LLNL ENC1-51-005 Star Tracker Thermal Circuit Analysis

Mil Spec  MIL-HDBK-340 Application Guidelines for MIL-STD-1540B; Test
Requirements for Space Vehicles, Section 5.6.2:
Rationale for Definition of Thermal Uncertainty
Margin.

LLNL ENC1-51-006 Star Tracker Camera Performance Specification

Mil Spec MIL-STD-1246 Product Cleanliness Levels and Contamination
Control Program

LLNL C1-EE-019 Spacecraft Shielding and Grounding

LLNL C1-50-008 Clementine Sensor Clean Room Exposure Time

Limits
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3. INTERFACE DEFINITION
The optical, mechanical, the.rmal\ and electrical interfaces are defined in this section.

3.1. Optical Interface

3.1.1. Field of View

The STC must be mounted with-a 100% unobstructed field-of-view of 63 by 75
degrees defined per AAA92-100839, under all operating conditions.

3.1.2.  Solar Exclusion Angle
A solar exclusion angle of 63 by 75 degrees will be maintained during camera  {-»Txy 5i.

imaging. Ll s 90 ¢
3.13. Exposure to Sun Light : 3

The STC has been exposed tq direct solar illumination for a period up to five
minutes with no apparent degradation in performance. However, this represents a
test of one and does not reflect the stress of cumulative effects of multiple exposures
nor have these effects been adequately evaluated through analysis or additional tests
to give confidence that the STC would survive if routinely operated in this mode.
Other than inadvertent exposure, if a requirement exists during spacecraft operation

to expose the STC to direct solar illumination, a formal waiver must be requested
from SDIO.

3.1.4. Contamination Control

The STC and all surfaces within the partially sealed compartment of the
contamination control cover must meet a Level 700 particulate standard per MIL-
STD-1246 at the time of launch. Meeting this cleanliness requirement can be
achieved by controlling the particulate level of the storage environment.

3.1.4.1 Cleanliness Level Verification

Cleanliness level w111 be verified by analys1s of eexposure conditions and verified
periodically using” witness samples.

\

3.1.4.2 Contamination Exposure Duration

Appropriate combinations of clean room levels and duration of exposure are

sufficient to meet end-use cleanliness requirements. The time integrated total
exposure of a clean room class will result in a level 700 particulate specification.
These clean room classes are defined in Table 3-1.

Table 3-1. STC Contamination Exposure Duration

Clean Room Class Exposure Duration
100 12 years
1000 2 years
10000 150 days
100000 20 days
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3.2. Mechanical Interface

The STC consists of one component with a mechamcal interface as shown in Figure
3-1 (AAA92-100839).

3.21.  Size and Mass Properties Surimary

P

The geometric envelope mass, center of mass and center of mass inertial properties
of the STC are shown in Table 3-2. The camera coordinate axis used in the mass
properties determination is defined in Figure 3-1.

Table 3-2. Star Tracker Camera Size and Mass Property Estimate

Envelope(cm) _ Mass(g) Moment of Inertia Tensor ﬂcg-mz)
11.68 am 364 (Maximum) L_x, Iq Lk 4.22 0.006 -0.019
diameter x 13.00 Ii I; Ip|=|0006 425 0.000x10"
1
aniong I I; I.| |-0019 0000 3.6
Center of Mass (5%) i=-002cn,j=-00lem, k=3.76 cm

3.2.2.  Dymamic Properties
There are no moving parts within the STC.
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3.3. Thermal Interface

3.31. Temperature Limitations

Temperature limitations placed upon the STC 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

a) Operational-In-Spec — This is the temperature range which is required in
order to achieve STC performance requirements.

b) Operation-Out-Spec — This is the temperature range which is required in
order to prevent damage to the STC while maintaining a functional state.
Damage and/or a reduction in reliability can occur to the STC 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.

c) Non-Operating - This is the temperature range which is required in order
to prevent damage to the STC when it is in an unpowered state. Damage

can occur to electronic, mechanical, and optical components because
storage temperatures are violated.

3.3.1.1 Base Plate Temperature Limitations

The base plate temperature is defined as the temperature at the Side Mounting Tabs
and Center Mounting Tab interfaces defined in Section 3.3.3. All base plate
temperature limits are summarized in Table 3-3.

3.3.1.2 CCD Temperature Limitations

The STC electro-optical performance is related to the temperature of the imaging
Charge Coupled Device (CCD). The colder the CCD the lower the dark current
which improves the signal-to-noise ratio. -

The CCD temperature is defined by the CCD case temperature measured by the CCD

temperature sensor described in Section 3.3.7. All CCD temperature limits are
summarized in Table 3-3.
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3.3.1.3 Ground Testing Temperature Limitations

During groungi testing, at no time is the temperature of the base plate or the CCD to
be low enough to allow condensation to fortn upon the STC. All other base plate
and CCD temperature limits apply.

3.3.1.4 Lens Temperature Limitations

The lens temperature is defined by the lens temperature sensor described in Section
3.3.7. The Operational-In-Spec temperature limits are required in order to achieve
STC performance requirements. The Operational-Out-Spec and Non-Operating
temperature limits are required in order to prevent damage to the optical
components. The lens temperature limits are summarized in Table 3-3.

Table 3-3. Thermal Interface Temperature Requirements

Temperature Limitation Requirement
Base Plate: '

Operational-In-Spec -20°Cto 2°C

Operational-Out-Spec -20°C to 10°C

Non-Operating -40°C to 70°C
CCD:

Operational-In-Spec -20°C to 10°C

Operational-Out-Spec -20°C to 60°C

Non-Operating -40°C to 85°C
Lens

Operational-In-Spec -20°C t0 40°C

Operational-Out-Spec -30°C to 70°C

Non-Operating -30°C to 70°C

3.3.2.  Star Tracker Power Dissipation

The results of power dissipation analysis for the STC are presented in Table 3-4A. -
Shown are the nominal and maximum (+20% margin) for each of the camera
operational modes. Also shown is the lens heater power dissipation.

Table 3-4A. STC Power Dissipation

Power Dissipation (Watts)
Camera Component Idle - Integrate Readout
Nom. | Max. | Nom. | Max. | Nom. | Max.
Actel Camera 364 437 363 436 364 437 |
Lens Heater
100% duty cycle @ 24 Vdc 0.95
100 % duty cycle @ 36 Vdc ] 3.91

3.3.3. Incident Radiation Thermal Model

External thermal loads from incident radiation upon the STC Baffle and Optics is
conducted through the STC housing and into the base plate. The amount of heat
transfer into the base plate from this source is a function of the flux of incident
radiation, the base plate temperature, and how the sensor is thermally integrated
with the spacecraft. As previously stated, the sensor housing is required to be
insulated from thermal radiation emanating from other sensors and systems of the
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spacecraft. The baffle and optical path are the only parts of the sensor which are
exposed to thermal radiation from sources external to the spacecraft. The CCD
temperature is the key requirement which must be considered when integrating the
sensor with the spacecraft. The sensor moedel shown in. Figure 3-1B. should be used
to evaluate the thermal integration design.

ICD Interf
Q!-leater QSTC o :e ace
Rgafle ROpﬁcs RHousing | RHousing Strap
WA | WA | W
Qgatrre T
} Base
[ I I , |
I I H |
CBaﬂle COpﬁcs Cl-busing | CHousingStrap
| Rcep strap
RCCD Interface |
Teeo A ——— T
L
l Ccco strap
Where:
Cgaffle Lumpedthermal capacitance of the baffle - 80 W-s/°K.
CCCD Strap Lumped thermal capacitance of the CCD strap - integrator responsibility.
CHousing Lumped thermal capacitance of the camera housing assembly - 150 W-s/°K. .-
CHousing Strap Lumped thermal capacitance of the housing strap - integrator responsibility.
COptics Lumped thermal capacitance of the optical housing assembly - 36 W-s / °K.
QBaffle Is the heat transfer of the baffle.
QHeater Is the heat generated by the optical housing heater.
QsTC Is the heat generated by the sensor.
RBaffle Lumped thermal capacitance of the baffle - 60 °K/W.

RCCD Interface Lumped thermal resistance between the CCD strap interface and the CCD - 6 °K/W.
Rcep Strap Lumped thermal resistance of the CCD strap - integrator responsibility.

RHousing Lumped thermal resistance of the camera housing assembly - 1.8 °K/W.
RHousing CCD  Lumped thermal resistance of the housing strap - integrator responsibility.
ROptics Lumped thermal resistance of the optical housing assembly - 2 °K/W.
TBase Temperature of the sensor bench.

Tcch CCD temperature

Figure 3-1A. Sensor Thermal Model For Evaluating Incident Radiation Thermal Loads
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It is recommended that the sensor bench include a 25% margin in heat load to
insure, with a 95% certainty?, that the bench will be able to reject the design heat
load. ) o ’
The following information will support the integration of the sensor into the
thermal radiation environment of the spacecraft:

Baffle material: Aluminum
Hemispherical total solar absorptivity of all blackened baffle

surfaces: : 20.95
Hemispherical total IR emissivity of all blackened baffle

surfaces: > 0.95
Hemispherical total solar absorptivity of the baffle face: <0.15
Hemispherical total IR emissivity of the baffle face: " >0.75
Hemispherical total solar absorptivity of the optics: 2040
Hemisplierical total IR emissivity of the optics: 20.95
Hemispherical total solar absorptivity of un-blackened external

surfaces of the baffle: >04
Hemispherical total solar absorptivity of un-blackened external

surfaces of the baffle: >0.1

LLNL recommends that the sensor be integrated into the spacecraft so that only the
reflective face of the baffle and the internal paths of the baffle are exposed to thermal
radiation. The entire outside of the baffle should be insulated. This will minimize
the amount of heat transfer to and from the sensor and sénsor base plate.

3.3.4. Thermal Interfaces

The STC is conductively cooled/heated during the mission. The STC contains eight
thermal interfaces. These interfaces are depicted as part of the mechanical interface
control drawing in Fig. 3-1. Fig. 3-1B. depicts the fraction of electrical power
dissipated at each thermal interface for a typical application and the maximum
allowable total thermal contact resistance permitted at each interface. The thermal
contact resistance shall be equal to or less than the stated -values. The fractional
power given at each interface is for electrical power dissipation only and does not
include heat dissipation due to heat load from external sources. Table 3-4B.

summarizes the data presented in Figure 3-1B.

1 MIL-HDBK-340: Application Guidelines for MIL-STD-1540B; Test Requirements for Space
Vehicles, Section 5.6.2: Rationale for Definition of Thermal Uncertaintv Margin, p. 21.
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. Table 3-4B. Thermal Interface Summary

Interface Fractional Power Thermal Resistance
. (°CI/W)
Heat Strap 0.15 0.05
End Cover Corners (4) (21+.21+.04+.04) = 1.6 (each)
0.50
Center Mounting Tab 0.11 0.10
Side Mounting Tabs(2) (12+:12) = 0.24 0.06 (each)

[Note: % of Heat (Fractional Power) is indepgndant of the operational Mode of the Sensor]

3.3.5.

Thermal gradients on the mounting surfaces of the STC must be controlled to
<3.3°C/cm (15 °F/in) over the area of the three mounting tabs. The STC
temperature must not change at a rate greater than 2°C per minute.

3.3.6.

Two analog temperature sensors are used in the STC, one senses the CCD
temperature and the other is attached to the lens. The signal from the CCD

Nomendature

Sensor or Hed Strap
Mounting S uface

Typical _

F (Fradtional Power)

l % R (Thermal C ortact Resistancey

Thermal Gradients

Heat Strap

/S

Fu.15
R=005°CW-

Fw.12
R=006°CW

7/ CenterMounting Tab
Fw= .11
R=0.10C/W

Temperature Measurement
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temperature sensor is transmitted via the 51 pin connector on the STC while the
lens temperature sensor uses flying leads. Lead length for the thermistor is
10.240.6 cm. The specifications for these sensors are given in Table 3-5.

Table 3-5. STC Analog Temperature Sensors

Item Transducer Range | Part Operating Transducer
Range
Min. | Max. Min. Max. :
CCD Temperature -30°C 70°C -20°C 10°C LTN-11 thermistor, Fenwall
' Electronics 137-562ZXT-DOZ
Lens Temperature -30°C | 70°C -20°C | 40°C LTN-11 thermistor, Fenwall
Electronics 137-562ZXT-DOZ

3.3.7.  Optics Heaters

The STC is equipped with a thermostatically controlled lens heater which will be set
to turn on at -6°C2. The thermostat is an "open on temperature increase” type,
thereby maintaining the lens temperature at or above the -6°C setting. Flying leads
are used to supply power to the heater and thermostat. Lead length is 10.2+016 cm.
The heater resistance is fixed at 450 £ 45Q.

3.4. Electrical Interface

The following section defines the power requirements, the control signals to and the
data signals from the STC.

3.4.1.  Steady State Voltages

The STC requires an external power system that must provide on/off switching,
short circuit protection, overload protection, line and load regulation. The STC
nominal input voltages at the STC power connector are shown in Table 3-6. The
voltages are required to meet the maximum and minimal limits shown excluding
noise, ripple, and transients.

Table 3-6. Steady State Voltage Limits

Input Minimum Nominal Maximum
+15 Vdc +14.75 Vdc +15 Vdc +15.25 Vdc
+5 Vdc +4.85 Vdc . +5Vdc +5.25 Vdc
-15 Vdc -15.25 Vdc -15Vdc -14.75 Vdc
-5 Vdc -5.25 Vdc -5 Vdc -4.75 Vdc

3.4.2. Power Converter Load Transients

Single event switching transients to the STC will be limited to those shown in Table
3-7. The voltage will return to its steady state within 12 milliseconds after the single
event switching has ended.

2 The lens heater temperature is set to turn on at -6° C due to the limited availability of preset
thermostats.



Table 3-7. Load Transient Limits

Voltage . Minimum : . Maximum
+15 Vdc . - +142 Vdc +15.8 Vdc
-15Vdc -15.8 Vdc -14.2 Vdc
+5 Vdc +4.75 Vde +54 Vdc
-5 Vdc -5.4 Vdc -4.6 Vdc

3.43. Power Converter Ripple

Power supply ripple limits are shown in Table 3-8.

Table 3-8 Power Supply Ripple Limits

Frequency Limit
0 to 50 KHz 25 mVy
50 KHz to 100 KHz +12.04 dB/oct
100 KHz to 500 KHz 100 mVp p )
500 KHz to 1 MHz +12.04 dB/oct
1 MHz to 50 MHz 400 mV,_,

3.44. Load Current

Power supply current values are shown in Table 3-9. The values provided for the

+5 Vdc digital power are for when the data bus is disabled and enabled respectively
and reflect a resistive 150 Q termination.

Table 3-9. Current Requirements

Voltage Cument
i Nominal Maximum
+5 Vdc Analog . ‘0140 A 0.155A
+5 Vdc Digital 0.040 A/0.300A -060A/0.330A
-5 Vdc 0.040 A 0.060 A
+15 Vdc 0.130 A 0.140 A
-15 Vdc 0.015 A ) 0.030 A

3.4.5. Other Considerations

STC turn-on surge current does not exceed 300% of the average current for more
than 10 milliseconds. The STC does not require any sequencing of input voltages.

3.4.6. Grounding

The power supply single point grounding system is specified in Figure 3-2. No
power current will flow through the chassis. Power cable shield grounding is
shown in Figure 3-3. These shields are grounded only at the power source. Data

cable shielding is shown in Figure 3-4. These shields are only grounded at the
SIP/DHU end.
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Senor

Power §upply Housing
-~ \ Sensor
Power
o A/D
/ Retum GND
/77 1 Meg ’
Static
Power Supply Ground

Ground

s

Figure 3-2. Power Supply/STC Single Point Grounding

) Twisted Shielded Pair
Power ] :
Power
Return \_z/

X

Shield is grounded -
to chassis '
only at source.

Figure 3-3. Grounding Of Power Cable Shields

SIP/DHU Y Twisted Shielded Pair
Signal E ; .
Signal.N k—y<\

Shield is grounded
to chassis .
only at source.

CAMERA

Figure 3-4. Grounding Of Command & Data Cable Shields
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3.4.7. STC Electrical Interconnections

A functional block diagram of the STC is shown in Figure 3-5. The STC interfaces
through a MIN-E-Con 51 socket connector,_This interface contains the STC video
bus data and control signals, the SASI bus command interface, analog temperature
signals, shields, and power. Table 3-10 lists the symbols used to define the signals.

All digital signals are based on RS-422. CMOS tri-stated differential line drivers and
receivers are used for these signals. Table 3-11 defines pin assignments and signal
types. Table 3-12 describes the signals. Signal timing information is defined in
paragraphs 3.4.9.1 through 3.4.9.3. When the STC is enabled these signals will drive
the bus; when the STC is disabled these signals will be tri-stated and not drive the
bus.

Table 3-10. Signal Symbols

Symbol Description
Odiff Output CMOS Differential Driver
1diff : Input CMOS Differential Receiver
The CMOS HC Input '
Ohc CMOS HC Open Collector Cutput (HCO05)
Iopt Opto-Isolator Input (HCPL-6231)
DPWR Power For Digital Grcuits
DRTN Ground Return Digital
APWR Power For Analog Circuits
ARTN Ground Return Analog
PWR24 Power For Filter Motor
RTN24 -~ Ground Return For Filter Motor Power
SHLD Shield (Tied To Chassis)
SPG Single Point Ground
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Figure 3-5. STC Functional Block Diagram

3.4.8. Video Frame Format

The video image frame format of the STC is 580 lines X 384 pixels/line. The first
and last two lines are masked resulting in a total of 576 optically active lines.
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Table 3-11. Connector Pin Assignments

CONNECTOR DATA:"

Manufacturer:

wMIN-E-CON 51 pn Socket

Part No.: M83513/4-GO6N
Host Interface Connector J1
PIN # SIGNAL NAME TYPE

1 N.C.
2 SHIELD SHLD
3 -3VIN APWR
4 -15 VIN APWR
5 ARTN ARTN
6 TEMP Q/°C
7 SHIELD SHLD
8 SHIELD SHLD
9 CMDCLK 1diff
10 PIXVAL Qdiff
11 HSYNC.N Odiff
12 HSYNC Odiff
13 D6 . Odiff
14 D4 Qdiff
15 D2.N Odiff
16 D2 Qdiff
17 DO Odiff
18 PIXCLK Odiff
19 N.C.
20 DRTN DRTN
21 DRTN DRTN

: 2 ARTN ARTN
23 ARTN ARTN
24 TEMPR RTN
25 CMDSTAT N Odiff
26 CMDCLK.N 1diff
27 PIXVALN Odiff
28 VSYNC.N Qdiff
29 D7 N Qdiff
30 D6N Qdiff
31 D4 N ‘Odiff
32 D3N Odiff
3 DIN Qdiff
34 DO.N Odiff
35 PIXCLK.N Odiff
36 SPG SPG
37 +5 VIN DPWR
38 +5VIN DPWR
39 +15 VIN APWR
40 +> VAIN APWR
41 SHIELD SHLD
42 CMDSTAT Qdiff
43 CMDDAT 1diff
44 CMDDAT.N Idiff
45 VSYNC Qdiff
16 D7 Qdiff
47 D5.N Odiff
48 D5 Qdiff
19 D3 Odiff
30 Di Odiff
51 SHIELD SHLD
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Table 3-12. Signal Descriptions

SIGNAL

SIGNAL NAME

DESCRIPTION

VSYNC

Vertical Sync out

V3YNC s a positive going vertical synchronization level which occurs
after the photo-cherge integration period and brackets the transfer of
each field of digital video data. The source of this signal is the ACTEL
array. It is set active (HI) at the beginning of a frame and stays HI until
the frame has been completely clocked out of the A/D converter. It
returns to the inactive LO state after the falling edge of the last
PIXVAL signal of the frame. Data is valid when both VSYNCand
PIXVAL are asserted at the same time. The frame start is controlled
externally through the SASI command.

HSYNC

Horizontal Sync out

HSYNC is the horizontal synchronization pulse which precedes the
transfer of each horizontal line of digital video pixel data. The HSYNC
pulse will occur when PIXVAL is not true and have duration of at
least one cycle of the PIXCLK. This signal goes HI prior to each
horizontal line of data and then returns LO before the data is available.
During HSYNC (HSYNC HI) the PIXVAL signal will be LO. The
HSYNC signal must go high at least one clock cycle after the negative
transition of the PIXVAL signal and go low at least 1 dlock cyde prior to
the assertion of PIXVAL.

PIXVAL

Pixel Valid out

PIXVAL is a signal which brackets each line of data. It must go high
before the first valid pixel data appears on the D0-D7 data lines and
remain high until'after all valid pixel data is transferred for each line.
Data transfer occurs only when PIXVAL is high.

Pixel Valid goes LO at the end of each horizontal line of valid image
data and then returns HI for the beginning of the next data line.

PIXCLK

Pixel Clock out

PIXCLK is the signal used to enable latching of the digital video data
appearing on the D0-D7 data lines. The source of this signal is the
ACTEL array. This signal clocks the output data bits from the
differential line drivers into the DSPSE Spacecraft Controller
interface's data latch. Data is valid on the rising edge of this signal with
a setup time of at least 50 ns and stays valid until the falling edge. The
dock is HI for a minimum of 60 ns.

D0-D7

Data lines (8)

Data lines (8). These lines contain the 8 bits of data for each pixel. D7
is the most significant bit. (see Host Timing section)

CMDCLK

Command Clock in

Command Clock in. This is the command clock for the SASI bus. (see
Host Interface sec¢tion)

CMDDAT

Command Data in

Command Datain. This is the command data for the SASI bus. (see
Host Interface section)

CMDSTAT

Command Status out

Command Status out. This is the command status data for the SASI
bus. (see Host Timing Interface section)

TEMP

Camera CCD Temperature

Camera CCD Temperature. This signal and its return are connected to
an LTN-11.. This device is a composite thermistor.

3.4.9.

3.4.9.1

The STC interface consists of two separate buses. One is the video bus that contains
all the control signals and video image data. It is detailed in paragraph 3.4.9.2. The
other is the SASI bus that handles the command and status data and is detailed in

STC Timing

Interface Timing

paragraph 3.4.9.3.

3.4.9.2

Video Bus Timing

The video bus consists of 4 control signals and 8 data lines. Control signals are:

VSYNC, HSYNC, PIXVAL, and PIXCLK which are described in Table 3-12. The data

lines are: DO through D7. Figures 3-6 through 3-8 show the video timing.

R

P




3.4.9.3 SASI Bus Timing

The synchronous addressable serial interface (SASI) bus protocol is based on a

- Goddard Flight Center (GSFC) 650C custom PMOS process digital integrated circuit.
For a complete description of the SASI bus refer to design note DN61033-30520-02

called out in the Applicable Documents section of this document.

The SASI bus is made up of three control signals. The control signals are CMDCLK,
CMDDAT, and CMDSTAT. The SASI receiver in the STC is configured as a baseline

SASI receiver. From a software perspective a command received over the SASI is
made up of two bytes. One byte is the address byte and the other is the data byte as
shown in Figure 3-9. The upper 3 bits of the address byte contain the subsystem
identification. These 3 bits are used by the receiver hardware to determine if it has
been addressed. The next 4 bits are used for sub-addressing within the subsystem to
define the data parameter identification. By using 4 bits, 16 different commands
may be defined. The remaining bit in the address byte is the New Data Flag (NDF)
register. When a data byte is sent with NDF set to a logic HI, it is latched into the
appropriate command register. The SASI receiver sends the contents of the
appropriate command register to the host SASI controller as a status data byte when
a command is received with the NDF bit set to a logic LOW level. This capability, as
described below is used to verify camera.commands. The subsystem ID’s for
commands to the STC are 3 and 6 (two units). It is allocated 5 parameter ID slots, 0
through 3 and 5. The STC will respond to either hex SASI addresses 60-6B or C0-CB.

3.4.10. Command Verification

The camera can return the contents of each of the five command registers. The
contents of the command registers directly reflect the command sent to each
command register. Refer to Table 3-13. for the camera commands and Table 3-14. for
the return status data. Unused bits will be read back in an unknown state. Status
values echoed back at the end of a register set operation (NDF HIGH) are the value
of the register set for the previous operation.

3.4.11. Operation

3.4.11.1 Power On Initialization

After applying power, the camera must be initialized. This is done with a SASI
command to the camera that asserts the initialization bit (logic LOW) followed by a
command that removes the initalization bit (logic HI). Timing is not critical but
the second command should immediately follow the first. The camera is initialized
on the LOW to HI transition. Next, the camera gain must be set to some nominal
value. This is also performed through a SAST command by setting one of the gain
bits HI. At this point the camera is in stand-by mode. The video bus is tri-stated and
it is continuously clearing its dark charge. Integration and readout can now be
controlled through the SASI port. Schematically this is shown in Figure 3-10.
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Line 1
Line 580

PIXVAL _J |_| U |_}—$_].,, U Ll U L
PIXCLK L

—
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PIXVAL __[— \
DATA X eix1) pixzX (383 X 384 Y207

Figure 3-7. Timing Diagram

‘ —’l tHigh I'—— . .
l PIXCLK / ' \ . / \

PIXVAL, HSYNC, VSYNC, Data X %——

I 'Setup
! tHold
Parameter Description Minimum | Maximum Units

tHigh PIXCLK High 60 100 ns
tSetup Rising Edge Of PIXVAL,HSYNC, 50 — ns

VSYNC, & Data Valid To Rising

Edge of PIXCLK
tHold Rising Edge Of PIXCLK To falling 30 ns

Edge Of PIXVAL, VSYNC, Or Invalid

Data

Figure 3-8. Timing Diagram
ADDRESS BYTE DATABYTE
71615431 2)1]¢0 716151413121 1]0

SUBSYSTEM PARAMETER NDF
D D

Figure 3-9 SASI Command Bytes
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3.4.11.2 Integration Control

The integration control mode is selected by setting the control bit (bit 3 of parameter
ID = 0) either HI for precision control or LOW for SASI control. Note that if
precision integration control is selected, 13 bits of integration data must be loaded
into the command data registers at parameter ID 2 and 3 with bit 4 of the command
data register at ID 3 being the MSB. Integration time in this mode equals (n+1) * 94.4
psec. The Minimum acceptable n is 1, resulting in a minimum integration time for
the Star Tracker of 188.8 psec. In the SASI confrol mode, integration is initiated by
bringing the control bit ( bit 0 of the parameter ID = 1) LOW. Readout is initiated by
bringing the same bit HI. In the precision control mode, integration is initiated by a
HI to LOW transition of the same control bit ( bit 0 at parameter ID = 1). Readout
will occur automatically after the pre-set integration time. The control bit must be
returned HI before initiating the next integration cycle and left HI for at least 100
pseconds.

3.4.11.3 Gain Control

Camera gain is selected by setting one and only one of the gain control bits (bits 4-6 at
parameter ID = 0) HI. See Table 3-13. for gain values which correspond to the bit
selected.

3.4.11.4 Offset Control

Camera offset is selected by setting a 5 bit control word (bits 0-4 at parameter ID = 5).
One LSB equals an offset of 8 gray levels. The maximum offset equals 248 gray
levels.

3.411.5  Magnetic *
The STC produces no magnetic dipoles.

3.4.11.6  High Voltages
There are no voltages greater than 36 volts in the STC.
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Table 3-13. Camera Commands

Parameter ID Data Byte - Descaiption
0 Bit 0 Enablg data bus (HI enabled, LOW tri-stated)
Bit 1 Initialize camera (low to high transition)
Bit 2 Reserved (set to 0)
Bit 3 Integration mode

0 = SASI control

1 = Precision control

Bit 4 Gain Select (HI = 350 e~/bit )
Bit 5 Gain Select (HI = 150 e~ /bit )
Bit 6 Gain Select (HI = 75 e"/bit )
Bit 7 Reserved (Set to 0)

1 Bit 0 Image (start integration

SASI control mode

0 = Integrate

1 = Readout

Precision Control Mode
High to Low starts integration
Bits1-7 | Reserved (Set to 0)

2 8 Bits Integration control
Bit 0 is LSB (LSB = 94.4 usec)
3 5 Bits Integration Control
« Bit 4 is MSB
5 5 Bits Offset Control, Bit 4 is MSB

Note: Parameter ID 0 Bits 4-6 (Gain Select) are mutually exclusive. Only one can be set high at a
time. Having two gain bits set at the same time yields an undetermined gain state.

Table 3-14. Camera Commands That Retumn Status Data

Address NDF Data SASI Status Return Comments
0110000 or 0 |don'tcare | Contentsof Command Data Only bits 0,1 and
1100000 Register at parameter ID 0 3-6 are important
0110001 or 0 Jdon'tcare | Contentsof Command Data Only bit 0 is
1100001 Register at parameter ID 1 important
0116010 or 0 |don'tcare | Contentsof Command Data 8 bits of
1100010 Register at parameter ID 2 integration, Bit 0

is LSB
0110011 or 0 don’tcare | Contents of Command Data 5 bits of
1100011 Register at parameter ID 3 integration Bit 4 is
MSB
0110101 or 0 |don'tcare |Contentsof Command Data 5 bits of offset
1100101 Register at parameter ID 5 Bit 4 is MSB
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1.0 Introduction

The purpose of this paper is to document the results of the reliability estimate
done for a number of sensors developed by the Lawrence Livermore National
Laboratory (LLNL) under the sponsorship of SDIO. The sensors, slated for use
on Clementine, will be used in lunar orbit to obtain wide spectral band imagery
of the lunar surface followed by a fly-by of a near earth asteroid for the same

purpose.
1.1 Mission Objectives

Clementine is the name for a deep space exploration (DSPSE) experiment which
will be launched in January 1994 with a two month mission in lunar orbit
followed by a fly-by of a near earth asteroid in August 1994. The purpose of this
experiment is to:

1) Demonstrate the survivability and performance of SDIO developed
technologies when exposed to a deep space environment.

2) Obtain wide band spectral imagery of both the lunar surface and the
surface of a near earth asteroid (Geographos).

3) Conduct other experiments during the mission relating to autonomous
navigation while in lunar orbit as well as in transit to the asteroid.

The Clementine probe is slated for launch in January 1994 with lunar mapping

occurring in the March / April 1994 time frame and asteroid fly by in late August
1994.

1.2 Mission Sensors

The mission sensors are two Star Trackers, used for navigation updates, one
UV /Visible sensor and a Near Wave IR (NIR) sensor, used to image the surface
of the moon and the asteroid, a Long Wave IR (LWIR) sensor, used for thermal
measurement of the lunar terminator and a Laser Imaging Radar (LIDAR) which
can be used in a high resolution imagery mode or in a ranging mode. Sensor and
laser transmitter performance are summarized in Table 1.

1.3 Reliability Estimate Summary

A reliability estimate was calculated for each sensor using the methods defined
by MIL-HDBK-217F!. The results for each sensor, treated as a system, are
summarized in Table 2. Two duty cycles are assumed for the sensors, 100% and

IReliability Prediction of Electronic Equipment, MIL-HDBK-217F, Department of Defense,
December 2, 1991



30%. "Off time" reliability is assumed to be 1. Mission duration is assumed to be
7 months or 5280 hours. The reliability of the near infrared sensor (NIR), the long
wave infrared sensor (LWIR) and the LIDAR laser transmitter has not been
estimated. These are procured items and will be reported on at later date. For
details on the estimate completed for the other sensors, refer to section 3,
Detailed Reliability Estimate.

Sensor FOV |IFOV| F# | SpedralBand Comment
Star Tracker 28°x 42° 13 1.0 04-10pm | Used for navigation -
mrad update rate sensors
UV/Visible 42°x56° 255 20 02-11pm |6 Selectable filters
prad
LIDAR High 03°x04° 18x36 10  04-0.85um | High resolution sensor
Resdution Camera prad with 6 selectable filters
LIDAR Range n/a 1.0 n/a n/a Avalanche photo
Receiver mrad diode+range gate;
range measurement
LIDAR Laser n/a n/a n/a 1.06 um 180 mJ; 500 p radian
Transmitier beam divergence
NIR 5.6° x 5.6° 385 5 1-3.1um | 6selectable filters
: prad
LWIR 1.0°x1.0° 143 23 9-12 um Thermal measurement
prad of lunar terminator

Table 1 - Mission Sensor Performance

7‘p Reliability

Sensor failures/106hours| 100% Duty 30% Duty
Star Tracker 4.3444 0.9773 0.9931
UV/Visible 5.3986 0.9719 0.9915
LIDAR 8.7382 0.9549 0.9862
LIDAR Laser Transmitter (TBD) (TBD) (TBD)
NIR (TBD) (TBD) (TBD)
LWIR (TBD) (TBD) (TBD)

Table 2 - System Level Reliability



2.0 Reliability Estimate Methods and Assumptions

2.1 Background

There are a number of predictive models used throughout both the national and
international electronics industry for assessing the long term reliability of
electronic components2. The methodology most familiar is that described in
MIL-HDBK-217F. This is the method that has been employed by LLNL to
calculate the reliability of the sensors slated for use on the Clementine spacecraft.

As a basis for comparison to the results of MIL-HDBK-217F, LLNL has
employed the Bellcore reliability model3 to determine sensor reliability

estimates. Use of this approach yielded estimates for reliability comparable to
those determined from MIL-HDBK-217F.

One other method which has been applied recently to the Clementine sensor
electronics is the automotive electronics reliability model4 which is based on
extensive empirical data from automotive warranty claims. Application of this
approach is inappropriate for space based electronics due to the substantial
environmental differences. In addition using the base failure rates as derived by
MIL-HDBK-217E includes a double penalty many failure rate factors. For this
reason, the application of this model to calculate a reliability estimate for the
Clementine sensors is not considered appropriate and its use would yield

erroneous results.

2.2 Temperature Environment Assumptions

At this time a detailed thermal analysis of the sensor suite has not been
completed. We have therefore made the following assumptions about the
thermal environment sensor components will be exposed to. These assumptions
are based on design goals. As the temperature analysis becomes complete, this
reliability estimate will be updated to reflect more accurate conditions.

Optical Bench 0£10°C
Microcircuit Junction Temp 70 °C
Discrete Semiconductor Junction Temp 50 °C
Passive Component Temperature 30°C
Connector Temperature 10°C

2A Survey of Reliability-Prediction Procedures for Microelectronic Devices, IEEE Transactions on
Reliability, Vol. 41, No. 1, March 1992.

3Reliability Prediction Procedure for Electronic Equipment, Bell Communications Research,
Technical Reference TR-NWT-0000332, Issue 3, September 1990.

4 Automotive Electronic Reliability Prediction, SAE 870050, William K. Denson and Mary G.
Priore, IIT Research Institute.



2.3 Reliability Calculation Method Based on MIL-HDBK-217F

The reliability of each of the Clementine sensors was calculated using the
methods of MIL-HDBK-217F. A description of each of the models used is
presented below, along with the applicable assumptions and definitions.

2.3.1 Microcircuits

For microcircuits the part failure rate is calculated using the following equation
from MIL-HDBK-217F, page 5-3:

A, = (Cmp + Comp)mom;
where:

= part failures / 10° hours

= complexity factor - die complexity failure rate, Section 5.1
= package factor - package failure rate, Section 5.9

= temperature factor, Section 5.8

part quality factor, Section 5.10 -

environment factor, Section 5.10
learning (maturity) factor, Section 5.10

:E‘n?‘oa-f‘nnﬂ ‘up

The factors shown above are derived using the applicable rules of MIL-HDBK-
217F. For MIL-STD-883 Class B parts, which will be used in all the sensors where
appropriate, the part quality factor is 2.0. Other microelectronic circuits will be
screened to the following test methods of MIL-STD-883D, TM 1015 (class S burn-
in), TM 5004 (final electricals at temperature extremes), TM 2012 (radiography),
and TM 2009 (external visual). Per section 5.10 of MIL-HDBK-217F, the quality
factor for these parts is 3.8.

The environmental factor for space flight for all microcircuits is 0.5, again per
section 5.10.

The complexity factor, package factor, temperature factor and maturity factor
varies for each part and package type. These will be presented in the detailed
reliability estimate for each part.



2.3.2 Discrete Semiconductors

Two types of discrete semiconductors are used in the sensor design. Each is
evaluated as described below.

Diodes

Diode failure rates are calculated using the model defined in MIL-HDBK-217F,
Section 6.1, page 6-2.

A, = A I Rmm Ry
where:
A, = part failures /10° hours
A, = base failure rate, Section 6.1
7y = temperature factor, Section 6.1
7, = electrical stress factor, Section 6.1
x. = contact construction factor, Section 6.1
m, = quality factor, Section 6.1

m; = environment factor, Section 6.1

The base failure rate, which is based on diode type and application , is provided
in Section 6.1. With one exception, all diodes are low frequency switching
diodes. The base failure rate for low frequency switching diodes is 0.001
failures/10° hours. The exception is a voltage reference diode that has a base
failure rate of 0.002 failures/10° hours.

The temperature factor is based on junction temperature, which for this estimate
is assumed to be 50 °C and hence a temperature factor of 2.2 is assigned to all
diodes.

The electrical stress factor diodes is based on the voltage stress ratio . The
voltage stress ratio is different for each diode and the electrical stress factor is
shown in the detailed reliability estimate.

All diodes are metallurgical bonded and the contact construction factor is 1.0.

Except for the JANTXV parts which have a quality factor of 0.7, all others are
assigned a value of 8.0.

The environment factor for space applications is 0.5.



Transistors

Three type of transistors are used in the sensor designs. These are low frequency
bipolar, low frequency silicon FET and MOSFETs. The reliability models are
presented below.

Low Frequency Bipolar

The failure rate for low frequency bipolar transistors is calculated from
MIL-HDBK-217F, Section 6.3, pages 6-6 through 6-7.

Ay = ApTorTt\Tig T o g

where:
A, = part failure rate /10° hours
Ap = base failure, Section 6.3

=, = temperature factor, Section 6.3

r, = application factor, Section 6.3

mz = power rating factor, Section 6.3

g = voltage stress factor, Section 6.3
‘Tq = quality factor, Section 6.3

m. = environment factor, Section 6.3

The base failure rate for low frequency bipolar transistors is 0.00074 failures/10°
hours.

The temperature factor is 1.7 based on a junction temperature for the transistor of
50 °C.

All transistors are being used as linear amplifiers and the resulting application
factor is 1.5.

The rated power is less than 0.5 watts, thus the power rating factor is 0.77.

The voltage stress factor of 0.11 based on a ratio of Ve / Vceo of < 0.3 (applied
collector to emitter voltage / maximum rated collector to emitter voltage).

All transistors are screened plastic parts but no credit is allowed for screening,
therefore the quality factor is 8.0.

The environment factor for a space based application is 0.5.



Low Frequency Si FET

The failure rate model for low frequency silicon FET transistors is obtained from
MIL-HDBK-217F, Section 6.4, page 6-8.

A, = Apmym, g
where:
A, = part failure rate /10° hours

Ay = base failure, Section 6.4
n; = temperature factor, Section 6.4

r, = application factor, Section 6.4
7y = quality factor, Section 6.4

7, = environment factor, Section 6.4

For the JFET transistors the base failure rate is 0.0045 failures /10° hours and for
MOSFETs the rate is 0.012 failures/10° hours.

The temperature factor is 1.6 based on a junction temperature of 50 °C.

All FETs are used as linear amplifiers with a rated power of < 2 watts which
results in an application factor of 1.5.

As with the bipolar transistors, no credit is allowed for screening and the quality
factor for screened plastic parts is 8.0.

The environment factor for space applications is 0.5.
2.3.3 Capacitors

Two types of capacitors are used in the sensor designs. These are fixed ceramic
chips and solid tantalum chips.

Ceramic Chip Capacitor

The failure rate equation for the chip type ceramic capacitor is given in MIL-
HDBK-217F, Section 10.11, page 10-20 and is reproduced below.



Ay = MpieyToTy
where:
A, = part failure rate / 10° hours
Ap = base failure, Section 10.11
To = capacitance factor, Section 10.11
7o = quality factor, Section 10.11
environment factor, Section 10.11

5]
=
i\

The base failure rate for ceramic chip capacitors is 0.0028 failures/ 10° hours
which is based on a maximum temperature rating of 125 °C, an operating
temperature of 30 °C and a stress factor (ratio of operating to rated voltage) of
0.3.

The capacitance factor is a function of the capacitor value, refer to the detailed
reliability estimate for the actual values.

All ceramic capacitors will be procured at S reliability level resulting in a quality
factor of 0.03.

The environment factor for space applications is 0.5.

Solid Tantalum Capacitors

MIL-HDBK-217F does not address solid tantalum capacitors as specified in
MIL-C-55365, General Specification for Capacitor, Fixed, Electrolytic (Tantalum),
Chip, Established Reliability. Therefore we are using Section 10.12 of MIL-
HDBK-217F, Capacitors, Fixed, Electrolytic, Tantalum, Solid as a basis to estimate
the failure rate of solid tantalum chip capacitors.

The failure rate model for solid tantalum capacitors is given in MIL. HDBK-217F,
Section 10.12, page 10-21.

Ap = ATy Ty o g
where:
A, = part failure rate / 10° hours
Ay = base failure, Section 10.12
capacitance factor, Section 10.12

)
I

series resistance factor, Section 10.12
Ty = quality factor, Section 10.12

n, = environment factor, Section 10.12

g
it



The base failure rate for solid tantalum capacitors is .0067 failures/10 hours.
This is based an operating temperature of 30 °C and a stress factor (ratio of
operating to rated voltage) of 0.3.

The capacitance factor is a function of the capacitor value, refer to the detailed
reliability estimate for the actual values.

The series resistance factor is based on a circuit resistance (ratio of the effective
resistance between the capacitor and the power supply to the voltage applied to
the capacitor) of > 0.1 to 0.2 which results in a factor of 0.27.

Most parts will be procured at D reliability level and the corresponding quality
factor is 0.001. Those parts procured as commercial components have a quality
factor of 10.

The environment factor for space applications is 0.4 .

2.3.4 Opto-Isolators

Opto-isolators are used on several boards and the failure rate equation as defined
in Section 6.11, page 6-19, of MIL-HDBK-217F and is presented below.

C Ay = ARG
where:
A, = part failure rate /10° hours
Ag = base failure, Section 6.11
7y = temperature factor, Section 6.11
7o = quality factor, Section 6.11

7 = environment factor, Section 6.11

The base failure rate for an opto-isolator is 0.013 failures/10° hours.
Based on a junction temperature of 50 °C, the temperature factor is 2.1.

Although the parts are screened, no credit is allowed for parts screening,
therefore the quality factor is 8.0.

As before, the environmental factor for space applications is 0.5.



2.3.5 Resistors

Fixed film resistors are used throughout the sensor design. Because the jumpers
used in the designs are 0 Q chip resistors, they have been included with resistors
for this estimate. The failure rate equation is given in Section 9.2, page 9-3, of
MIL-HDBK-217F.

lp = ApMg oM
where:

A, = part failure rate /10° hours

Ay = base failure, Section 9.2
resistance factor, Section 9.2
o, = quality factor, Section 9.2

m; = environment factor, Section 9.2

A
"

The base failure rate of 0.0013 failures/10° hours for fixed film resistors is based
on an ambient temperature of 30 °C and a stress factor of 0.5 (ratio of operating
power to rated power).

All resistors values, except one, are < .1 Meg ohms which defines the resistance
factor of 1.0. The resistor with a value > 0.1 Meg ohm has a resistance factor of
1.1.

Because these are procured to an S quality level, the quality factor is 0.03.
The environment factor for space applications is 0.5.

2.3.6 Quartz Oscillators

The failure rate model for quartz oscillators is given in Section 19.1, page 19-1, of
MIL-HDBK-217F.

A, = Ay Moy

where:
A, = part failure rate / 10° hours
Ap = base failure, Section 19.1
my = quality factor, Section 19.1

m; = environment factor, Section 19.1

10



The base failure rate for quartz oscillators is frequency dependent, refer to the
detailed reliability estimate section for numerical values.

The quality factor is 2.1 based on commercial component procurement.

The environment factor is 0.5 for space applications.

2.3.7 Inductive Devices

The reliability model for fixed inductors is defined in Section 11.2, page 11-3, of
MIL-HDBK-217F and is presented below.

A

p = ApMcMoMy

where:

A, = part failure rate /10° hours
Ag = base failure, Section 11.2

7 = construction factor, Section 11.2
o = quality factor, Section 11.2
7 = environment factor, Section 11.2

The base failure rate of 0.0004 failures/ 108 hours for fixed inductors is based on a
temperature of 30 °C and a maximum operating temperature of 125 °C.

All inductors are fixed (as opposed to variable), therefore the construction factor
is 1.0.

-~

The sensor designs use a mix of MIL-STD and commercial inductors. For the non
MIL parts we are using the lowest quality factor listed in MIL-HDBK-217F. That
is 20. For those devices that are purchased at an S level of reliability the quality
factor is 0.03.

The environment factor is 0.5 for space applications.

11



2.3.8 Motors

The failure rate for the stepper motors is defined by Section 12.1, page 12-1 of
MIL-HDBK-217F.

Ap = [Lza— + —1—] x 10° Failures / 10° hours
&y Oy
where:
a = Weibull characteristic life
for motor bearings
a,, = Weibull characteristic life
for motor windings

The Weibull characteristics for both the bearings and windings are based on
ambient temperature as well as operating time at that temperature. Two
operating temperatures were selected, -10 °C and +40 °C with corresponding
operating times of 50 hours and 200 hours. For non-constant temperature
operation, the method defined in Section 12.1, page 12-2 was used to calculate a
weighted characteristic life for both the bearings and the windings. See the
section on detailed reliability estimate for numerical results.

2.3.9 Printed Circuit Board Connectors

The failure rate model, presented below, for printed circuit board connectors is
given in Section 15.2, page 15-4 of MIL-HDBK-217F.

lp = ATy p g
where:
A, = part failure rate/ 10° hours
Ay = base failure, Section 15.2
mating / unmating factor, Section 15.2
7, = active pins factor, Section 15.2

Q
=
i

= environment factor, Section 15.2

3
m
l

The base failure rate for printed circuit board connectors is based on the

operating temperature. For a temperature of 10 °C it is .00017 failures /10°
hours.

12



The mating/unmating factor is 1.0 which is based on an allowable 0 to 0.5
mating/unmating cycles/1000 hours.

The active pins factor is a function of the number of active pins in the connector.
For each connector this data is provided in the detailed reliability estimate
section.

The environmental factor is 0.8 based on a space environment and procurement
of commercial connectors. :

3.0 Detailed Reliability Estimate
3.1 Background

All of the sensors that are to be used in the Clementine sensor suite are modular
in nature. The core of all sensors is the Actel Camera. Star Trackers require only
an Actel Camera board. A UV /Visible camera is a combination of an Actel
Camera board and a Filter Wheel board. Likewise, a LIDAR is comprised of an
Actel Camera board, a Filter Wheel board, a Range Receiver board and a LIDAR
System Controller board.

To avoid unnecessary duplication of data, the detailed estimate for each board
will be presented in section 3.2. Sections 3.3 thru 3.5 will combine the estimates

for each of the individual boards into sensors and present a sensor by sensor
reliability estimate.

3.2 Board Level Detailed Reliability Estimates
The following tables represent the parts lists and all of the parameters used to
derive our reliability estimates. Table 3 presents the Actel Camera board.

Table 4 represents the Filter Wheel board. Table 5 represents the Range Receiver
board and table 6 presents the LIDAR System Controller board.

13
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3.3 Star Tracker Reliability Estimate

When the estimated failure rates for the individual components comprising the
Actel Camera board are added together the estimated failure rate per 106 hours is
as shown in table 7 below.

Sub-System Board Failures per 10° Hours
Actel Camera Board 4.34446

Table 7. Actel Camera Estimated Failures per 106 Hours

The equation used to convert estimated failures per 108 hours to an estimated
probability of success is as follows:

Estimated probability of success = exp(-TmAp/10°)
Where:

Tm = Mission duration in hours

Ap = Estimated failure rate per 106 hours

Using this equation the estimated probability of success for a Star Tracker for a
7 month (5280 hour) mission is as shown in table 8.

Duty Cycle Estimated
Probability of
Success
100 % 0.9773
30 % 0.9931

Table 8. Actel Reliability Estimate

3.4 UV / Visible Reliability Estimate

The UV / Visible Camera is comprised of an Actel Camera board and a Filter
Wheel board. When the estimated failure rates for the individual components
comprising these boards are added together the estimated failure rate per 106
hours is as shown in table 9 below.
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Sub-System Board

Failures per 10° Hours

Actel Camera
Filter Wheel

Total

4.34446
1.05414

5.39860

Table 9. UV/Vis Camera Estimated Failures per 106 Hours

Using the equation given in section 3.3 above, the estimated probability of
success for a UV / Visible camera for a 7 month (5280 hour) mission is as shown
in table 10.

Duty Cycle Estimated
Probability of
Success
100 % 0.9719
30 % 0.9915

Table 10. UV/Vis Reliability Estimate

3.5 LIDAR Reliability Estimate

The LIDAR is comprised of an Actel Camera board and a Filter Wheel board, a
Range Receiver board and a System Controller. When the estimated failure rates
for the individual components comprising these boards are added together the
estimated failure rate per 106 hours is as shown in table 11 below.

Sub-System Board Failures per 10¢ Hours
Actel Camera 4.34446
Filter Wheel 1.05414
Range Receiver 1.27361
System Controller 2.06601
Total 8.73822

Table 11. LIDAR Estimated Failures per 106 Hours



Using the equation given in section 3.3 above, the estimated probability of
success for the LIDAR for a 7 month (5280 hour) mission is as shown in table 12.

Duty Cycle | Estimated
Probability of
Success
100 % 0.9549
30 % 0.9862

Table 12. LIDAR Reliability Estimate

4.0 Summary

The Clementine Sensor Suite sensors are assembled from a mix of commercial
and MIL-SPEC components. All of the components used are subjected to a
screening program, either MIL-STD-883 class B or a custom program. The
estimated failure rates per 106 hours for the Clementine Sensor Suite sensors,
using MIL-HDBK-217F, has been calculated. This failure rate has been converted
into a probability of success figure for each sensor. Those figures are given in
table 13 below. '

Sensor Estimated Estimated

Probability of | Probability of

Success, 100 % | Success, 30 %
Duty Cycle Duty Cycle

Star Tracker 0.9773 0.9931
UV/Vis 0.9719 0.9915
LIDAR 0.9549 0.9862

Table 13. Sensor Reliability Estimates
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Introduction

This document describes the optical performance parameters required for the Clementine
project Star Tracker Camera lens. Parameters must be met in an as-manufactured
assembly. Design and manufacturing tolerances can be budgeted as desired to achieve the

required end performance. A suggested design drawing package is included in the
appendix of this specification which can be manufactured to meet the requirements of this

specification.

The Star Tracker lens assembly will be a 17.5 mm calibrated focal length concentric lens
with a 14.0 mm entrance pupil diameter. The lens will be used to take images of stars.
The images are then processed to determine the quaternoin of the star tracker and thus of
the spacecraft. The camera will have a CCD focal plane and will be used to take images in
the 0.4 to 1.0 um spectral range.

The performance parameters given in this specification and their paragraph numbers are:

Parameter Paragraph Number
Optical Parameters
EPD 1.1
QFL 1.2
Spectral Band 1.3
Format 1.4
Image Quality 1.5
Transmission 1.6
Distortion 1.7
Physical Parameters
Mass : 2.1
Envelope 2.2
Alignment 2.3
Mechanical Interface Control 24
University of California CLEMENTINE Revision: A

Lawrence Livermore WFOV Star Tracker Lens
National Laboratory Specifications Page: 2
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Environmental Requirements

Operating Ambient Media 3.1
Operating Ambient Temperature 3.2
Storage Ambient Temperature 33
. Storage Ambient Humidity 3.4
Ambient Pressure Profile 3.5
Outgassing 3.6
Quasi-Static Acceleration Loads 3.7
Random Vibration 3.8
Shock Spectrum 3.9
Thermal Cycles 3.10
Radiation Requirements 3.11
Storage Lifetime _ 3.12
Operating Lifetime 3.13
Environmental Test Order 3.14
Cleanliness 3.15
Verification and Test Matrix 4.0
Applicable Documents 5.0
%
University of California CLEMENTINE Revision: A
Lawrence Livermore WEFOV Star Tracker Lens

National Laboratory Specifications . Page: 3




1.  Optical Parameters

1.1  Entrance Pupil Diameter
The entrance pupil diameter of the lens shall be > 14.0 mm.

1.2 Calibrated Focal Length

The best fit focal length parameter, f, shall be 17.5+ 0.3 mm. Focal length (£) to be
determined by curve fitting 9 points evenly spaced across the lens full diagonal to an
f - sine (8) curve.

1.3 Spectral Band
The spectral band of the lens shall be 0.4 to 1.0 um.

1.4  Format
All optical specifications must be met over a 8.8 x 13.2 mm image format.

1.5  Image Quality

Greater than 80% of the energy imaged through the lens shall be contained within a 75 x 75
Hm square centered on the image located at the rear of the fiber optic faceplate (FOFP). In
this centration and location, the central 25 tm x 25 pm square shall contain between 20%
and 40% of the total energy in the image. Object distance is infinity. Testing to be
performed on-axis only, in air, with focus set for best performance in air.

1.6  Transmission
Transmission of the lens must be greater than the values listed at the following
wavelengths:

0.4 pm: 0%; 0.5 pm: 39%; 0.6 pum: 54%; 0.8 pum: 56%; 1.0 um: 57%

Transmission values include the concentric lens and the FOFP. Transmission requirements

are on-axis only.

University of California CLEMENTINE Revision: A
Lawrence Livermore WEOV Star Tracker Lens
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1.7  Distortion

The deviation from an f - sin (8) mapping using best it f and 6 centroid pixels for the lens
and FOFP shall vary by less than 20 pm difference between any 2 points located 0.6 mm
apart at the FPA . Points shall be sampled on a 2° grid spacing through the entire focal
plane. Testing will be provided by LLNL.

1.8 MIF

The MTF shall be measured as part of the acceptance test procedure on-axis only. MTF
shall be measured with a point source color spectrum within 20% relative intensity of a GO
star (or a 5900 K blackbody) over the 0.4 to 1.0 pm spectral range. MTF shall be reported
as a function of frequency at the single focal plane defined by the location of the fiber optic
faceplate. MTF is required on-axis only.

2. Physical Parameters

2.1 Mass
The lens assembly shall mass less than 48 g.

2.2  Envelope
The lens assembly, exclusive of mounting tabs or flanges, shall fit within a 1.1 inch
diameter by 1.4 inch long cylinder or equivalent volume.

2.3  Alignment
Light entering the lens perpendicular to the mounting surface plane shall be imaged within
150 pm true position of the center of the pilot diameter.

2.4  Mechanical Interface Control
Mechanical interface control shall be per AAA92-100839-00.

3. Environmental Requirements

The lens is required to perform within specifications during test and calibration on the
ground, survive through environmental acceptance test procedures (ATP), through the
actual launch environment, and finally for the duration of the mission. The camera is not
operated during launch. No G load specifications are in force during operation.

University of California CLEMENTINE Revision: A
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3.1  Operating Ambient Media
The lens will be operated in air (ground testing) and in space. Testing may be performed in
air, with data supplied on vacuum focal shift.

3.2 Operating Ambient Temperature
The ambient operating temperature range shall be -20°C to 40°C.

3.3  Storage Ambient Temperature
The ambient storage temperature range shall be -30°C to 70°C.

3.4  Storage Ambient Humidity
The ambient storage humidity shall be 0 to 95% relative humidity. (Noncondensing.)

3.5 Ambient Pressure Profile -
The lens assembly shall not be damaged by a rapid depressurization. Maximum
depressurization rate is 0.8 psi/sec. Vacuum testing levels shall be < 10-5 torr to

demonstrate environmental compatibility.

3.6  Outgassing

All materials used in the assembly shall exhibit less than 1% total material loss and less than
0.1% collected volatile condensible material per ASTM-E-595-77/84. Material data may be
taken from NTIS N91-14437, NASA report RP 1124 Revision 2, November 1990,
"Outgassing data for selecting spacecraft materials”.

3.7  Quasi-Static Acceleration Loads
The unit shall be designed to survive * 15 G loading in the three principal axes. Testing to
these loads is not required.

3.8  Random Vibration
The unit shall survive 14.0 g rms random vibration per figure 2.
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3.9  Shock Spectrum

The unit shall withstand a 294 g 3-0 peak-to-peak acceleration. This time series
acceleration is consistent with the shock spectrum per figure 3, attenuated through at least 1
additional interface from the LLNL sensor attachment interface to the spacecraft to the lens
assembly attachment point. Testing is not required for the shock spectrum compliance.

3.10 Thermal Cycles

The unit shall withstand thermal cycling from -30 °C to +70 °C at < 3 °C/min over 6 cycles.
Testing to begin at room temperature, drop at the specified rate to -30 °C, dwell for 2
hours, then rise to +70 °C, dwell for 2 hours, then repeat, returning to room temperature.
All other test unit and flight unit tests to be performed after thermal cycling.

3.11 Radiation Requirements
The unit shall meet all performance specifications after a total dose of 20 kilorads (S1).
Analysis to be provided by LLNL.

3.12 Storage Lifetime
The storage lifetime of the unit shall be 5 years.

3.13 Operating Lifetime
The operating lifetime shall be 2 years on the ground. The mission mean design life is 1
year.

3.14 Environmental Test Order

Performance testing of all optical parameters shall be at room temperature and pressure
only. Optical parameters to be tested either before or after section tests. Image quality ({
1.5) to be tested both before and after section 3 tests. Image quality tests after section 3
tests will be performed by LLNL on the deliverable items for which LLNL is responsible
for section 3 testing.

3.15 Cleanliness
Optical assemblies must be delivered with all internal surfaces meeting a 300 particulate
standard and all internal and external surfaces meeting a Level C molecular standard per

MIL-STD-1246. External surfaces shall meet a 750 particulate standard, cleanable to a 300
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standard. Cleanliness verification shall be per analysis and no witness samples or
inspection are required.

Figure 1 Deleted.

Clementine Sensors
Random Vibration Spectrum
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Figure 2 - CLEMENTINE Random Vibration Spectrum
Component Test Level Specification
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Component Shock Spectrum
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Figure 3 - CLEMENTINE Shock Spectrum
Component Test Level Specification

5.0 Verification and Test Matrix

Table 1 describes the test requirements for the specification paragraphs within this
document. The verification methods to be used are: 1) test, 2) analysis, 3) inspection.
When 2 boxes are checked in table 1, both methods shall be enforced. A “1” in the box
indicates that the parameter must be verified for the test unit acceptance test. A “P” in the

box signifies that the parameter must be verified on each prototype unit. An “F” indicates
that the item must be verified (or measured) for the flight units.
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Table 1 Verification Matrix

Section | Requirement Test Analysis | Inspection
1.1 Entrance Pupil Diameter 1, P, F
1.2 Calibrated Focal Length 1,P, F
1.3 Spectral Band N/A
1.4 Format N/A
1.5 Image Quality 1,P,F
1.6 Transmission 1,P,F
1.7 Distortion 11, P!, Fl
1.8 MTF I,P,F
2.1 Mass 1, P, F
2.2 Envelope 1,P, F
2.3 Alignment 1,P,F
2.4 Mechanical Interface Control 1, P, F
3.1 Operating Ambient Media 1
3.2 Operating Ambient Temperature 1
3.3 Storage Ambient Temperature? 1, P1, FI
3.4 Storage Ambient Humidity 1
3.5 Ambient Pressure Profile 1, P, F1
3.6 Outgassing 1
3.7 Quasi-Static Acceleration Loads 1
3.8 Random Vibration 1,PLFl |1
3.9 Shock Spectrum 1
3.10 | Thermal Cycles 1, P, Fl
3.11 | Radiation Requirements 11
3.12 | Storage Lifetime 1
3.13 Operating Lifetime 1
3.14 | Environmental Test Order N/A
3.15 | Cleanliness LLP,F

1 Testing to be performed by LLNL.

2 This test is encompassed by the thermal cycle testing in § 3.10.
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5.0 Applicable Documents
The following documents are applicable when appropriate to deliverable hardware:

MIL O 13830A Optical components for fire control instruments; general
specification governing the manufacturing, assembly, and
inspection of

MIL M 13508 Mirror, front surface aluminized for optical elements

MIL F 48616 Filter (coating), Infrared interference: general specification 4

MIL C 48497 *Coatings, single or multi-layer, interference: durability
requirements 4

MIL C 675 . Coating of glass optical elements: anti-reflection

MIL-STD-1246 Product cleanliness levels and contamination control
program

University of California CLEMENTINE Revision: A
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Purpose

1.1 This document is the chip level test procedure for the Actel
Camera Arrays. You will need to know how the Actel Camera
Array test board and software work.

Scope.

. This document describes equipment and procedures required to
verify the electrical performance of Actel Camera Arrays

. All tests in this procedure are to be performed before Testing any
arrays in the Actel Camera Array test board.

Required Documents and Test Equipment.

3.1  Required Documents

. Actel Camera Array Test Board Certification
C1-EE-033 )
. Schematic of Camera [Actel] tester

3.2 Required Test Equipment
. Macintosh with LabView and NB-DIO-32F, GPIB, NB-MIO-16
. Tektronix 540, Digital Oscilloscope, HP plotter )
. HP8116A pulse/function Generator
. Fluke 77 or 87 Multimeter

. Lambda Dual Regulated power supply



3.3 Conditions and Requirements

3.3.1 Precautions

(1)

&)

(3)

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.

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
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.

Examine socket For Bad pins and Debris. Before installing any

flight Actel arrays.

3.4 Cleanliness and Environment

(1)

(2)

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

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 interfaces in
implementing the QA provisions.

(1) QA 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 revision of this procedure is used, and that the required
Certification Log is in proper order. QA will 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 o 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 properly proof tested and tagged.

(8)  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. All 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 (FRACAS). 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)

@)

Quality Assurance (QA) Provisions (continuation)

If 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 resuits shall be noted in the Action ltem List (AIL)
portion of the Certification Log, Fracus report and a Material
Discrepancy Report (MDR) shall be initiated (if required) and
processed as prescribed in the QA Plan.

The QA Inspector shall stamp log entries as appropriate,
attesting to the proper completion of these operations as
previously approved in this procedure document.



3.6  Pre-Test Operations

— (1)

— 3

—(3)

— ()
— (5

CAUTION

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

Assure readiness to test, including the following items:
(a)  Visual examination of the test item and its interfaces, including any
special test instrumentation .
(b)  Calibration is current for measuring instruments

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

(d)  Notification of QA of the time that testing will begin.

Record the "Occasion for Test" on all Data Sheets.

On the applicable data sheets, record the required information for
measuring equipment to be used in the test. Verify that all such
equipment bears current calibration stickers, and that calibration will not
expire prior to the end of the test.

Have completed Actel Camera Array Test Board Certification C1-EE-033.
Solicit and obtain the QA Inspector's "OK to Continue.”

Test Conductor Date




3.7 TEST

Test Start Date: Test Completion Date:

EquipmentUsed SIN Calibration In-date

Enter Name of LabView programs to Use

Name Date Created Date Modified
NOTES:
Test Conductors:

Name: Initials: Date

Name: Initials: Date




Functions to Be tested
1. Sasi Functions

Check bits can be set and cleared and read back.

Name: Initials: Date

2. Double Correlated Sampling

TP14 isOL2
TP15is ORfet
TP16is OR

Name: Initials: Date

3. Precision Integration mode Check and Frame Enable
{frame xfer of UV-vis arrays}

TPg SM1
TP10 SMO
TP11 EOL
TP3  VSync {frame enable}
TP13 VTC

Name: Initials: Date

4. Test Initialization

TP8 T2
TP7 Init

Name: Initials: Date

DATA is to go in certification log of camera that array is going into.



Appendix D.2
Schematics
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Appendix D.3
Electromagnetic Compatibility Tests (C1-EE-030)



CLEMENTINE ENGINEERING NOTE

Sensors Integration Project C1 - EE- 030 \v
§ \
TITLE: Electromagnetic Compatibility Tests | ASSY: Sensors - §
ORIG: _T. F. Tassinari
DATE: _4-8-93

APPR: ﬂu,\ g ‘//, [l _—~

Ty

Abstract: This document outlines electromagnetic test requirements for LLNL Sensors.
This shall include compatibility testing as well as performance measurements.
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1.  SCOPE

This document outlines the electromagnetic test requirements for
LLNL sensors.

2. REQUIREMENTS

2.1 Reference Documents and Drawings

a MIL-STD-1686A, Handling ESD Sensitive Equipment.

b. MIL-STD-461C, Electromagnetic Emission and
Susceptibility Requirements for the Control of
Electromagnetic Interference.

C. MIL-STD-462, Electromagnetic Interference
Characteristics, Measurement of.

2.2 Electrostatic Discharge (ESD) Control Requirements

The sensor assembly is susceptible to ESD damage and shall be
treated as a Class 1 sensitivity device per MIL-STD-1686A.

3.  Sensor Electromagnetic Compatibility

These tests are intended to be be conducted and evaluated at the
input to the Sensor Power Supply (SPS). The purpose is to determine
the Electromagnetic compatibility of the SPS and the sensor as a
system.

The sensor, when connected to the SPS, shall not be susceptible to,
nor shall it radiate emission levels greater than those specified in
MIL-STD-461, Electromagnetic Interference Characteristics,
Requirements for Equipment , herein after referred to as
"MIL-STD-461" as delineated in this subsection. Levels greater than
those specified shall be identified to LLNL. The sensor has been
designed to operate without malfunction, undesirable response, or
deviation from specified performance tolerances when subjected to
these electromagnetic environments. Compliance shall be proven
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using the procedures of MIL-STD-462, Electromagnetic Interference
Characteristics, Measure of, and an approved EMI test plan.

The following requirements are based on MIL-STD-461 and MIL-STD-
462 and have been modified for the DSPSE program. The tests shall
be run as a system.

3.1.1 Conducted Emission
The sensor shall meet the conducted emissions levels defined below:

a. CEO1 - As specified in MIL-STD-461C.

b. CEO3 - Narrowband only as specified in MIL-STD-461C.

c. CEO7 - As specified in MIL-STD-461C with the following
exception: paragraph 5.2 b) shall be modified to read: "DC

leads: +50 percent, -50 percent of nominal line voltage."

3.1.2 Conducted Susceptibility

The sensor shall not exhibit malfunctions, degradation of
performance, or deviation from specifications when subjected to the
levels defined below:

a. CSO1 - As specified in MIL-STD-461C tailored by Figure 1-1

b. CS02 - As specified in MIL-STD-461C with the following
exception: paragraph 7.2 shall be modified to read: "...when
subjected to 0.5 volt from a 50-ohm source."

c. CSO06 - Section 11.2 a. only and as modified to read: "E1 =% 30
Volts peak".

3.1.3 Radiated Emissions

The sensor shall be not radiate emissions in excess of the levels
defined below:

a. REO2 - Broadband as specified in MIL-STD-461C. Narrowband
as tailored by Figure 1-2.

3.1.4 Radiated Susceptibility

The sensor shall not exhibit malfunctions, degradation of
performance, or deviation from specifications when subjected to the
levels defined below:

a. RSO3 - As specified in MIL-STD-461C with a 50% duty cycle,
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TKHz square wave modulation, and the following modifications:

Frequency Range E-Field (Volts/meter).

14 KHz to 30 MHz 1

30 MHz to 10 GHz 5

Above 10 GHz N/A

N
\\\
” 1.0 N -
| AN
e
0.1
10’ 10 10° 10° 10°

FREQUENCY IN Hz
Figure 1-1. Limit For CSO1 Susceptibility
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Figure 1-2. Limit For REO2 Narrowband Emissions

3.2 Susceptibility Criteria

The Sensor susceptibility shall be broken into two sections, the
imager susceptibility (for all sensors) and the ranger susceptibility
(for Hires Lidar only). These criteria shall serve to deem a sensor
susceptible when subjected to specified RS03, CS01, CS02 and CS06
test levels.

Lawrence Livermore
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3.2.1 Image Susceptibility Criteria

When subjected to RSO3, CS01, CS02 and CS06, data frames are
acquired and analyzed. The noise floor histogram shall be examined
and shall not exceed the levels indicated in table 1.

Test Gain Max Level

RSO3 150 e'/bit Ambient +0.5*(one grey level)

CSO01 150 e'/bit Ambient +0.5*(one grey level)

CS02 150 e'/bit Ambient +0.5*(one grey level)

CS06 150 e'/bit Ambient +0.5*(one grey level)
Table 1

3.2.2 Ranger Susceptibility Criteria

When subjected to RSO3, CSO1, CS02 and CS06, the range data are
monitored at a given discriminator threshold. The false alarm rate
(F.A.R.) shall be determined for each test and shall not exceed the
levels indicated in table 2. The rate is simply the ratio of false
targets per 100 shots. This criteria is only applicable to the HiRes

Lidar Sensor.

Test Threshold (mV) | Ambient F.A.R. Max F.A.R

RSO3 10 0 1

CSO1 10 0 1

CS02 10 0 1

CS06 10 0 1
Table 2 :

4. Sensor Electromagnetic Performance

These tests are intended to be be conducted and evaluated at the
input to the sensor. The purpose is to determine the
Electromagnetic performance of the sensor by itself.

The following tests and requirements are based on MIL-STD-461 and
MIL-STD-462.
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4.1 Conducted Emission

The conducted emission levels of the sensor by itself shall be
evaluated as defined below:

a. CEO1 - As specified in MIL-STD-461C.

b. CEO3 - Narrowband only as specified in MIL-STD-461C.

c. CEQ7 - As specified in MIL-STD-461C with the following
exception: paragraph 5.2 b) shall be modified to read: "DC leads:
+50 percent, -50 percent of nominal line voltage."

4.2 Conducted Susceptibility

The conducted susceptibility levels of the sensor by itself shall be
evaluated as defined below:

a. CSO1 - As specified in MIL-STD-461C tailored by Figure 1-
1.(ratioed to 10% of specific line voltage so as to not damage
sensor)

b. CSO2 - As specified in MIL-STD-461C with the following
exception: paragraph 7.2 shall be modified to read: "...when
subjected to 0.5 volt from a S0-ohm source."(ratioed to 10% of
specific line voltage so as to not damage sensor)

4.3 Radiated Emissions

4.3.1 Sensor
The sensor radiated emission levels, not including cables, shall be
evaluated as defined below:
REQ2 - Broadband as specified in MIL-STD-461C. Narrowband as
tailored by Figure 1-2.

4.3.2 Components
The radiated emission levels from the cryo cooler and stepper motor
shall be evaluated as defined below:

REO1 - Magnetic field direction and intensity from DC to 1 KHz.

Optional- add 1KHz to SOKHz

Lawrence Livermore

National Laboratory Page 7  of




4.4 Radiated Susceptibility
The sensor radiated susceptibility levels of the sensor by itself
shall be evaluated at the levels defined below:

a. RSO3 - As specified in MIL-STD-461C with a 50% duty cycle,
1KHz square wave modulation, and the following modifications:

14 KHz to 30 MHz 2
30 MHz to 10 GHz 10
Above 10 GHz N/A
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Appendix E
Mechanical System



Appendix E.1

StarTracker Camera Structural Analysis
(C1-S1-008)



CLEMENTINE ENGINEERING NOTE

Sensor Integration Project C1-S1-008
TITLE: IASSY: Star Tracker Cam
Star Tracker Camera ORIG: D.J.Pines [
A. Harral
Structural Analysis DATE: %1 January-93

~

APPR: / A7
AN

Abstract:

This engineering note discusses structural analysis of the Star Tracker Camera under|
various Clementine loading environments. Results indicate that the Star Tracker
Camera is qualified by analysis to survive all mission loading conditions.

Copies: Ken Leach (Engineering Note Master File), L-287
Emma Harris (Clementine Project File), L-285
Bob Priest, L-285
Scott Ruddell, L-287
Lyn Pleasance, L-285
Mike Shannon, L-285
Arno Ledebuhr, L-287
Preston Carter, L-285
Alfred Harral, P.O. Box 175 Bethel Island, CA. 94511
Dave Trummer, L-194
Dr. Mowan Aswani, M4/920 P.O. Box 92957, Los Angeles, CA. 90009

-
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1.0 Scope

The scope of this Engineering Note is to demonstrate that the Star Tracker Camera
is qualified by analysis to meet all loading requirements seen by the Deep Space
Program Science Experiment-DSPSE spacecraft.

2.0 Requirements

The requirements for qualification of payload components are detailed in the
Engineering and Test Specficification Plan document dated September 1992 and
are summarized here for completeness:

2.1 Camera Mission Survivability

Table 1.0: Derived Requirements for Qualification

Loading Condition Requirements

Steady-State 100 g’s loading in each axis
(applied separately)

Random Vibration 14 g’ rms loading with frequency
content from 20 to 2000 Hz

(Loading applied simultaneously in all
three axis)

Pyro-shock-(for 20 msec) Peak acceleration = 501 g’s with frequency
content from 100 to 10000 Hz and
attenuated through 5 interfaces with a
transmissibilty of 0.168.(Loading applied
simultaneously in all three axis)

2.2 Frequency Content
The Engineering and Test Specification Plan did not explicitly establish a
frequency content requirement for Star Tracker Camera components. LLNL

chooses to adopt a requirement which states that all structural modes must have
frequency content > 50 Hz.

2.3 Camera Design Factors of Safety

o'_‘

A

Table 2.0: DSPSE Design Factors of Safety

Mechanical Property Factor of Safety
Yield 1.10
Ultimate 1.25
Local Buckling 1.10
General Instability 1.25
Fitting Factor 115
Static Test 1.05

Lawrence Livermore

Y Total Document Pages: 90
National Laboratory 2




2.4 Deflection

The Engineering and Test Specification Plan did not explicitly establish a
deflection requirement for internal and external components of the Star Tracker.
LLNL chooses to adopt a requirement which states that the clearance between
internal components be maintained at all times.

3.0 Star Tracker Camera Structural Model

To meet the above derived requirements for flight qualification a three-
dimensional Star Tracker finite element model-FEM, with 342 solid and 800 shell
elements, was developed from the most recent camera design drawings dated
November 18, 1992. From these drawings six components of the camera were
modelled. They included the Baffle Assembly, Lens Assembly, Camera Housing,
Mounting Brackets and the two Actel Circuit Boards connected by a flexible
hinge. This model was used for determining the mode shapes and natural
frequencies of the Star Tracker. In addition, this model was also used to
determine the survivability of the camera under various loading environments
which include transportation, launch and mission maneuvers. Figures 1-3 show
the unloaded model, an exploded view of the internal parts which make up the
camera and an illustration of the boundary nodes used to simulate how the
camera mounts to the sensor platform. The actual mounting brackets were
analyzed individually in separate FEM’s. All external loading conditions were
applied in camera body-fixed-(x,y,z) frame for one particular Star Tracker
Camera. To transform to spacecraft body fixed coordinates-(X,Y,Z), the
following direction cosine matrices must be applied:

X —cos(21) sin(48.5)sin(21) —cos(48.5)sin(21) | X

yi=| O cos(48.5) sin(48.5) Y
z|, |sin(21) sin(48.5)cos(21)  —cos(48.5)cos(21) | Z
—cos(21) —sin(40.5)sin(21) —cos(40.5)sin(21) || X
yl=| 0 cos(40.5) —s5in(40.5) Yi< <

z], |[sin2D) sin(40.5)cos(21)  cos(40.5)cos(21) VA
3.1 Mass Budget of Modelled Components

The mass budget for the modelled Star Tracker components is given in Table 3.0.
Using these mass properties and the geometry of the camera the moments of
inertia and center of mass of the Star Tracker's FEM were computed and are
summarized in Table 4.0.
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Table 3.0: Mass Budget of Star Tracker

Component Mass-(grams)
Camera Housing 135
(Top Cover, End Cover, Four Gussets, Four

Corner Posts, Remaining Walls, CCD,

Connector, Actel Circuit Boards and Misc.)

Lens Assembly 34
Elements w/ cellsHousingMisc

Focus Spacer 41
(Thermal Management, Lens Heater &

Thermostat)

Baffle Assembly 60
(Vanes, Housing, Six Gussets)

Mounting Brackets 12
Total Mass Budget 282

Table 4.0: Inertia and Center of Mass Properties of Star Tracker

Inertia Matrix of Camera
I, I, I,| [3.88 0.0059 —.019
w 1, I,[=[0.0059 3.90 0.00012 x10™  kg—m?
I, I, I, -019 0.00012 2.90
Center of Mass-(inches)
X -0.008
Y -0.004
Z 1.482

3.2 Material Properties of Components

The camera is made of Aluminum 6061-T651 and is structurally adequate even
though this Aluminum alloy was selected primarily for its high thermal

conductivity rather than for its strength. The mechanical material

Aluminum 6061-T651 are listed in Table 5.0.

properties of

— -

Table 5.0: Mechanical Properties of Aluminum 6061-T651

Property Value

Density 0.09 Ib/in3

Young’s Modulus 1x107 psi

Shear Modulus 3.76 x106 psi

Bulk Modulus 9.804x106 psi

Poisson’s Ratio 0.33

Yield Strength 39 ksi

Ultimate Strength 42 ksi
Lawrence Livermore Total Document Pages: 90
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The refractive elements in the Lens Assembly are made from an optical glass
derivative which has a density of 2.2 kg/m3. Each element is bonded to its cell
using Dow Corning 93-500 optical couplant. Reflective elements are nickel-plated
aluminum for the primary and aluminum flashed on fused silica for the
secondary.

4.0 Modal Analysis

The first five mode shapes and natural frequencies of the Star Tracker camera
were calculated using LLNL NIKE3D finite element code. Table 6.0 summarizes
the eigenanalysis performed by this software tool. Figures 4-8 illustrate the
corresponding mode shapes. Notice that the first two modes are cantilever
bending where the housing top cover and the baffle base deform allowing the
baffle to swing from side to side. There is slightly more stiffness in the Y-Y

direction due to the narrower geometry of the top cover of the housing in the Y-
direction.

The 40 mil thick top cover of the housing and the four 45 mil thick stiffening
gussets control the frequency content of modes 1 and 2. Increasing the thickness
of these parts raises the frequencies of modes 1 and 2. But this is not necessary
since the 50 Hz lower limit is well exceeded by the present configuration. Higher
modes occur in the baffle vanes corresponding to radial extension and tranverse
vibration.

Table 6.0: Modal Analysis Summary

Mode Number Natural Frequency-Hz Mode Shape
1 213 Cantilever Bending
(x-x)
2 219 Cantilever Bending
(y-y)
3 286 Vane #4
Radial Ext.
4 353 Vane #4
Transverse _
5 422 Vane#3—= -
Radial Ext.

5.0 Stress Analysis

Although most of the Clementine mission loading conditions are benign, there are
instances, when the entire spacecraft including the payload are subjected to severe
loading conditions. This occurs during first, second and third stage separation of
the Titan IIG and during the TLI transfer burn. This section discusses the state of
stress in each of the components under steady-state, random vibration and pyro-
shock loading environments. The Actel circuit boards are treated separately since
they are not directly in the load bearing path of the inputs.
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5.1 Steady-State

For spacecraft sensor qualification, the Engineering and Test Specification Plan
recommends that the sensor be subjected to a steady-state load according to its
weight-(See Figure 9.0). Thus, the applied g-loading is found by extracting the
value of the ordinate which corresponds to the sensor weight and multiplying this
value by 2. Following this procedure, a steady-state loading of 100 g’s was
applied separately in each of the principal orthogonal axis of the Star Tracker.
The state of stress was calculated using the NIKE3D finite element code. Table 7.0
gives the maximum effective stress occurring in each of the camera components
for each of the principal orthogonal axis. The safety factors are given in the right
column of Table 7.0 against the Yield Strength of Aluminum 6061-T651. Figures
10-19 show the finite element mesh with fringes of effective stress and the
deflections amplified by a factor of 20 for each steady-state loading condition.
Figures 20-22 show the state of stress in the mounting brackets and the
deformation for the 100 g steady-state Z acceleration.

Table 7.0: Steady-State Peak Effective Stresses-(ksi)

Camera X y z Qualification
Component Exceeded By
Camera 9.88 9.2 842 3.9
Housing
(Sides)
Camera 12.6 16.6 10.5 2.3
Housing
(Top Cover)
Camera 14.4 151 10.1 2.6
Housing
(Top Cover
Gussets)
Focus Spacer 27 29 1.97 13
Lens Housing 0.49 0.56 0.21 70
Baffle Base 14 15 0.40 26
Ring L om
Baffle Gussets 23 21 20 37 -
Baffle Back 0.93 0.86 0.60 42
Disk
Baffle Outer 043 0.38 0.56 70
Cylinder
Baffle Vanes 0.05 0.05 1.64 43
Mounting 222 2.32 3.77 10
Bracket
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The deflections for the steady-state loading condition were calculated and the
maximum deflections are located at the end of the baffle. These deflections are

summarized in Table 8.0 for each axis.

Table 8.0: Maximum Deflections at end of Baffle

Direction Deflection-(inches)
X 0.029
Y 0.028
Z 0.010

5.2 Random Vibration

Random vibration qualification of the star tracker is based on the camera being
able to surve the structural acoustic environment of the Titan IIG during first,
second and third stage ignitions. The response spectrum for this loading is shown
in Figure 23 which is equivalent to 14 g’s rms loading from 20 to 2000 Hz. The
lack of phase information is this figure implies that there are an infinite number of
time domain curves which when transformed yields the same frequency domain
spectrum. Three such acceleration versus time curves , used as input to LLNL
DYNAS3D finite element code, in the X, Y and Z directions were generated to
simulate the environment of the Titan IIG PSD response. These curves are shown
in Figures 24-26. Since the runtime was prohibitive on a 486/33 MHz computer,
Dave Trummer of LLNL ran the random vibration dynamic analysis, with this
input, on the YMP Cray using the DYNA3D code. The results are shown in
Figures 27-31. The maximum stress of 5.0 ksi occurs at 0.0058 seconds in element
#219 corresponding to the top cover of the camera housing. The summary of
maximum stresses and deflections are give in Table 9.

The duration of 70 milli-seconds was chosen to limit the computation time of each
run. This arbitrary truncation of the time series is not expected to affect the
simulated value of the peak effective stress in each component. This is because
the 70 ms time series contains approximately 10 cycles of mode 1. Therefore,
during this time period all transients are expected to have died out, leaving only
steady-state random behaviour associated with the spectrum. = =
5.2.1 Damping and Exponential Decay

The viscous damping factor for solid aluminum is between 1-5% of critical due to
internal friction. The coulomb damping for a structure with tightly bolted joints is
between 5-10% of critical due to resistance to slippage at the joints. Using the
cantilever bending natural frequency and estimating the damping to be 5% of
critical, the time and number of cycles to damp out a step load has been
calculated. For an initial deflection of 30 mils, the baffle will decay by 95% after

approximately 10 cycles to a deflection of 1.5 mils. Figure 32 shows the baffle ring
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down for a damping factor of 5% of critical and also plots the decay times to reach
95% of steady-state value for damping factors from 1-10% of critical.

5.3 Pyro-shock

Similar to qualification under the random vibration specification, pyro-shock
qualification of the star tracker requires surviving short duration loads imparted
by the Titan IIG during final stage separation. The Engineering and Test
Specification Plan document gives a representative shock response spectrum for
sensor qualification under loads occurring at the launch vehicle/spacecraft
adapter interface-(See Figure 33). The frequency content of the response spectrum
extends from 100 to 10,000 Hz. However, below 1,000 Hz there is very little
energy content in the shock. The Star Tracker Camera is located 5 interfaces
removed from the shock source and an attenuation factor of 0.7 is used for the
transmission loss at each interface. The total attenuation for the shock is therefore

0.7%, or an overall factor of 0.168. Jim Houghton at NRL has simulated the pyro-
shock pulse at its source on a shaker and measured the acceleration vs time
history. This acceleration vs time shock pulse has a duration of approximately 20
ms. It is shown, attenuated by a factor of 0.168, in Figures 34-35 and was used as

input for the dynamic analysis with the DYNA3D code.

Dave Trummer of LLNL also ran the pyro-shock analysis on the YMP Cray. The
results are shown in Figures 36-40 and Table 9. Here the resulting stress values
are corrected for the square root of 3 overload. Notice that the maximum stress is
only 3.79 ksi even though the peak accelerations are over 220 G's. The reason that
this stress level is not higher, is that the high accelerations of pyro-shock pulse
occur at a much higher frequency than the natural frequency of the Star Tracker
Camera. The transmissibility is low at this level of frequency mismatch.

Table: 9.0: Stresses under Steady-State, PSD and Pyro-shock Loadings

Loading direction Time of maximum | Maximum effective Maximum
stress (sec) stress (ksi) deflection (in.) at
end of Baffle

X100 G's steady state 12.6 0.029
Y100 G's steady state 16.6 0.028 I

Z100 G's steady state 10.5 0.010
X Pyro-shock 0.0162 2.19 0.003 I
Y Pyro-shock 0.0071 1.62 0.004 l
Z Pyro-shock 0.0069 1.62 0.004 it
X 14 Grms random 0.0185 2.2 0.011 il
Y 14 Grms random 0.0058 5.0 0.013 il
Z 14 Grms random 0.0059 5.0 0.009 I
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5.4 Fatigue During Life Testing

Figures 41 and 42 are a Constant-Life Diagram for the fatigue behavior of 6061-T6
aluminum alloy. The maximum stress calculated in the Star Tracker Camera is
16.6 ksi and the fatigue life for an alternating stress (+ and -) of this level, taken
from the diagram, is approximately 2.8E+06 cycles. The mode 1 cantilever
bending natural frequency of the camera is 219 Hz in the Y-Y direction and the
random vibration testing lasts 60 seconds in each axis, and there would be 13,140
cycles in each test. If the camera were to undergo a full stress reversal of 16.6 ksi
for each and every cycle, then it could survive 213 minutes of testing before
fatigue would be a problem.

5.5 Bolt Loads and Safety Factors

The yield safety factors for the various bolted joints of the camera have been
calculated for the steady-state 100 g load in the direction that causes the
maximum bolt load. The INGRID mesh generation code was used to calculate the

part masses and CG locations. The bolts are high strength cap screws with a yield
stress of 150-155 ksi and an ultimate stress of 170 ksi. Table 10 lists the maximum

load and yield safety factor for each bolted joint.

Table 10: Bolted joint yield safety factors

Bolted joint Cap screw Maximum bolt Cap screw Cap screw yield
number and size load (Ib) yield force (Ib) safety factor -
Lens housing to 3ea. 2-56 49 1b from 100 G's 566 12
baffle Y acceleration
Camera housing 3 ea. 2-56 16 1b from 100 G's 566 35
to lens housing Y acceleration
Camera 3ea. 632 351b from 100 G's 1377 39
mounting Y acceleration
brackets
Camera housing 4 ea.2-56 0.51b from 100 G's 566 110
bottom cover Z acceleration

5.6 Circuit Board Stress Analysis
A 3D finite element model of the 2X2 in. square ACTEL circuit bpad was
generated. The model simulates the board thickness of 58.5 mils and 28 layers

with 196 shell elements with average material properties. The mode shapes and
natural frequencies plus the response to steady-state acceleration loading was
analyzed using the NIKE3D code. The equivalent Young's modulus for the 28
layer stack up of the circuit board is 2.58E+06 psi. The 30 gram mass of the board
was uniformly distributed over the entire board and the four corners were
clamped as shown in Figure 42. Table 11 and Figures 43-47 show the first four

mode shapes and natural frequencies of the board. Figure 48 shows the circuit
board under a steady-state 100 G's of acceleration normal to the board (Z
direction). The maximum stress is 1.6 ksi and is located in the board corners and
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the center deflection is 2.7 mils. The radius of curvature can be used in estimating
the loading on the mounted components. The board has a width of
approximately two inches and a center deflection of 2.7 mils results in a radius of
curvature of 185 in.

Table 11: ACTEL circuit board mode shapes and natural frequencies

Mode number Natural frequency Mode shape
(Hz)
1 740 Panel breathing Z-Z
2 1405 Center twisting
3 1680 Edges deflecting
4 2340 Complex breathing Z-Z

A separate 2D finite element plane strain model was used with the NIKE2D code
to calculate the stress developed in the circuit board during assembly when the
four cap screws are torqued to 6.3 in.-lb. Each of the 28 layers with its material
property listed in Table 12 was included in the model. The steady-state 100 G's
acceleration load produces much less stress than when the board is clamped in
place during assembly. Figures 49-54 show a section of one corner of the board
clamped with a bolt load of 254 Ib at the corner (left edge in the Figure). After the
bolt load is applied, the center of the board is then forced to a deflection of 10 mils
(four times the deflection produced at 100 G's). Table 13 lists the maximum
effective stress in each layer. The lowest ultimate safety factor is 1.2, however, the
effective stresses are composed of primarily compressive components.

Analysis of component stresses in soldered joints will be covered in a separate
engineering note.

Table 12: Material Properties

Material Density- Elastic Poisson’s Yield Ultimate
(Ib/in3) Modulus Ratio Strength Strength
Mpsi (ksi) (ksi)
Solder Mask 0.308 4.35 042 50 —=76
605Sn-40Pb
Copper Clad 0.321 170 0.33 10.0 320
& Copper Foil
Glass/Capton 0.009 2.5 04 - 35.0
Pyralux 0.0397 022 045 - 35
Adhesive
Kapton 0.35 0.33 0.35 - 20.0
Lawrence Livermore Total Document Pages: 90
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Table 13: Steady-State Peak Effective Stresses in Actel 2x2
Circuit Board using 2-56 cap screws torqued to 6.3 1b-in.

Maximum effective | Maximum effective Ultimate safety
Circuit board stress at 0.36 mil of stress at 0.36 factor at 0.36 mil of
material compression and a mil of compression | compression plus 10
254 1b load plus 10 mils of mils of center
(ksi) deflection (ksi) deflection
Solder mask 5.48 5.13 15
60Sn-40Pb
Copper clad & 1048 10.38 3.1
Copper foil
Glass/Kapton 9.30 9.48 6.3
(FR-4)
Pyralux 2.93 3.01 12
adhesive
Kapton 5.44 5.22 3.8

Dynamic analysis was performed on an earlier version of the 2x2 circuit board.
Results from that study indicated that the board had a peak stress of 0.4 ksi
corresponding to a maximum deflection of 0.0048 inches at the center.

5.5 Stress Analysis Summary
Table 14 summarizes the highest stress seen in each component under all three
loading conditions. Notice that the highest stress is seen under steady-state
loading in the top cover of the camera housing. The stress is 16.6 ksi and is well
below the Yield Strength-(39 ksi) of 6061-T651 Aluminum. Thus, the minimum
factor of safety is 2.3 which is well above the design factor of safety-(1.10) given in
the Engineering and Test Specification document.

Table 14;: Star Tracker Camera Yield Safety Factors for Different Environments

Highest Stress in Yield Safety Factor against Yield
the component-ksi qualification Loads Safety
Factor
Star 2] PSD PYRO* S-S PSD PYRO | &S
Tracker 100'g 14¢g's 100'g 14g's " Design
rms rms ld'gs
Camera 16.6 3.79 23 10.3 164
Housing
Housing 15.1 27 2.6 144 18.6
Gussets
Baffle 23 1.0 17 39 121
Gussets
Vane #1 9.05 <0.1 43 >39 30.7
Mounting 3.77 <0.5 10.3 >39 73.5
Brackets
La“,’rence Livermore Total Document Pages: 90
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*Not computed for individual parts

6.0 Star Tracker Structural Analysis Summary _
Camera meets all mission requirements and is qualified by analysis.

7.0 References

J. Houghton, “Engineering Specification and Test Plan”, NRL Document,
September, 1992.

8.0 Appendix

8.1 Qualification of Camera using Static Analysis

A separate analysis was done to verify that a static analysis at a steady-state 100
G's in each of the three orthogonal axes qualifies a Star Tracker Camera sized
payload to survive the dynamic Titan IIG testing and launch environments. A
mock payload was generated with similar mass properties and mode frequencies
to the Star Tracker Camera. The finite element model of this mock payload had a
much smaller number of elements than the complete Star Tracker Camera finite
element model. Because of its reduced size, both the steady-state and dynamic
analysis could be performed on this model within a reasonable amount of
computer run time. Figures 55-57 and Table 15 show the first four mode shapes
and natural frequencies of the mock payload. The first two modes are cantilever
bending modes similar to those of the Star Tracker Camera.

Table 15: Mock payload mode shapes and natural frequencies
Mode number Natural frequency Mode shape
(Hz)
1 265 Cantilever bending X-X
2 265 Cantilever bending Y-Y
3 675 Mock baffle panel breathing
4 840 Mock baffle panel bending

Figures 58-61 show the steady-state stresses and deflections of the mock payload
calculated for the 100 g X, Y, and Z acceleration conditions applied separately.
Figures 62-68 show the dynamic stresses and deflections calculated for the 20 ms
pyro-shock loading five interfaces removed from the source. Three unique pryo-
shock loading conditions were applied simultaneously in the three orthogonal
directions. This loads the model in all three directions as a vector sum and is also
an over load by a factor of the square root of 3 because of the vector sum. Finally
Figures 69-75 show the dynamic stresses and deflections calculated for the mock
payload being exposed to 60 ms of acceleration vs time random vibration from
three 14 Grms PSD curves applied simultaneously in the three orthogonal
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directions. Here there is also an overload by a factor of the square root of 3
because of the vector sum. The analysis is linear elastic and the dynamic values
in Table 16 have been divided by 1.732 to correct for the square root of 3 overload.

In all cases in Table 16, the stress and deflection calculated for the steady-state
loading is larger than that for the dynamic loading.
calculations show large safety factors, then the steady-state analysis is sufficient
and the dynamic analysis is not necessary. However, if the safety factors are near
1.0 then the dynamic analysis is necessary and may uncover some structural

weaknesses.

If the steady-state

Table 16: Summary of the mock payload steady state and dynamic comparison

Loading direction Time of maximum Maximum effective Maximum
stress (sec) stress (ksi) deflection at end
of Baffle (in.)
X100 G's steady state 3.38 0.016 It
Y 100 G's steady state 3.38 0.016 It
Z100G's ’ steady state 0.84 0.002 |\
X Pyro-shock 0.01425 1.26 0.0021 |
Y Pyro-shock 0.01609 2.35 0.0046 '
Z Pyro-shock 0.00761 0.95 0.0014 |
X 14 Grms random 0.0488 2.09 0.0072 Il
|l Y14 Grms random 0.0321 3.16 0.0125 It
[ Z 14 Grms random 0.0012 0.40 0.0091 “

A
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5.1.3 General Component Steady State Accelerations

The component(s) shall be shown by analysis or test to be capable of
withstanding a steady state inertial acceleration load in each of its 3 principal
orthogonal axis. If a test is used to fulfill this requirement, the applicable loads
are taken directly from Figure 3.1.2-1 of the DSPSE Structural Analysis Plan. If the
components are qualified by analysis, use loads that are equal to the test loads
multiplied by a factor of 2.

58.843

Figurc 3.1.2-1 from DSPSE structural anmalysis plan

45.881-

408.06- -

35.684

T
1

4.

38.088 -]

25.64

28.881- -]

15.68}-

Component test acceleration (g's)

18.88}- _ 4

S.88 -

8.86 I 1 1 il ] 13
8.88 5.68 16.88 15.88 28.08 25.88 38.68 35.68

Figure 3.1.2-1 Conponent weight. (1b)

Figure 9: Qualification load for Steady-State Analysis.
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Baffle deflection (inches)

Baffle ring down for S« critical damping
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Appendix E.2
Mechanical Drawing Package
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Appendix F
Calibration



Appendix F.1
ST 313 Calibration Summary
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Appendix G
Certification Log for StarTracker B (ST 313)
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Appendix G.1
Summary Technical Data



Summary Technical Data

ST 313
Parameter Specification Measured Value
Mass <483¢g 280 g
Current at 22°C ;
+5 Vdc analog <155mA 109.2mA / 109.2mA
+5 Vdc digitall <140 mA / <410 mA 51.8mA /300 mA
-5 Vdc <60 mA 39.6mA /39.6 mA
+15 Vde <140 mA 11ImA /111mA
-15 Vdc <30mA 14 mA /13.96mA
Lens Heater Resistance at | 450 + 45 Q 455 Q
22°C (STONLY)

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

termination.

Lawrence Livermo

National Laboratory

re

ATP/Clementine Program




Appendix G.2
Board Assembly Log
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Appendix G.2.1
Operations Sheet
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Appendix G.2.2
Work Sheets
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Startracker Configuration
Rev. 00 Printed Wiring Board
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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.

Mig. /
Item | Qty. Designator Description| Case Part Number
1 44 C1,C3,C5,Cs, 0.039 uF, RM1206 | CDR32BX393AKUR
C1i5,C21, 50V, 10%,
C23,C25,C28, FR=0.01%/
C30,C31,C33, 10G0 hr
C34,C38,C39,
C40,C42,C44,
C45,C47,C48,
C54,C56,C57,
C58,C59,C60,
C63,C64,C686,
C67,C70,C91,
C92,C98,C102,
C103,C104,C1086,
C109,C112,C114,
C121,C124
2 S | C2,C51,C61,C62, | 4.7 ufd, Tant, | H-CASE | CWROBFH475KC
C122 10V, 10%, |
WFR=0.01%/
1000hr
3 1 C9 47 pfd, Tant, | R-CASE Sprague /
20V, 10% 195D476X9020R2T




Item

Qty.

Designator

Description

Case

Mfg. /
Part Number

C10,C11

22 pfd, Tant,
15V, 10%,
WFR=0.01%/
1000hr

G-CASE

CWRO06HH226KC

C12,C13,C17,

C105

6.8 ufd, Tant,
10V, 10%,
WFR=0.1%/
1000hr

E-CASE

CWRO06FH685KB

C20,C110

6.8 ufd, Tant,
20V, 10%,
WFR=0.01%/
1000hr

F-CASE

CWRO06JH685KC

C22,C24,C29,
C69,C90,C118

22 uid, Tant,
20V, 10%,
WFR=0.01%/
1000hr

H-Case

CWRO06JH226KC

C32,C52,C94,

C95

70 iid, Tant,
25V,10%,
WFR=0.01%/
1000hr

G-CASE

CWRO06KH106KC

C35

0.22 [id,
50V, 10%

RC1206

Garrett /
12062224 M500N

10

C46,C93

1.0 pfd, Tant
35V, 10%,
WFR=0,01%/
1000hr

D-CASE

CWRO06MH105KC

11

C49,C50

0.022 pid,

100V, 10%,

FR=0.01%/
1000hr

‘RM1206

Garrett /
CE223K3NR

12

C53

15 pf,
100V, 5%,
FR=0.01%/

1000hr .

RM1206

CDR32BP150BJUR



Mfg. /

Item | Qty. Designator Description| Case Part Number
13 5 C73,C74,C75, 3300 pf, RCO0402 Novacap /
C76,C77 50V, 10%, | RC0505 0402B332K500N
FR=0.001%/ CDR11BP332AKUS
1000hr
14 1 C83 0.01 pfd, RM1206 | CDR32BX103BKUR
100V, 10%,
FR=0.01%/
1000hr
15 1 Ci11 47 pf, RM1206 | CDR32PB470BJUR
100V, 5%,
FR=0.01%/
1000 hr
16 2 C115,C116 270 pf, RM1206 | CDR32BP271BKUR
100V, 10%,
FR=0.01%/
1000hr
17 1 D1 Diode, SOT-23 Motorola /
Switching, MBAV74L
50V, 200 mA s
MBAV74 oo’
18 1 D2 Diode, SOIC-8 Linear/
Voltage LM285MX-1.2
Reference N -
LM285-1.2 o 150!
19 | 1 D3 Reference, - | SOIC-8 PMI/
Voltage, REFO01CS
Precision, S
10V, L
REF-01
20 2 D4,D5 Diode, SOT-23 Phillips /
Schottky, 30V oy  BAT54S
BAT54S T g
b 3> 0'3 S 1=
21 9 | JP4,JP6,JP7,JP9, Jumper, RM1206 | D55342K07B00DOS
JP11,JP13,JP14, 0Q, 1%,
JP15,JP16 1/4 Watt
22 3 L1,L3,L4 Inductor, LQH4 MuRata Erie /
100 pH LQH4N101K-TA




Conosuinnea
3o M
e BLOSBHLOY

ORI TOR LN T IS N9 (SR VLY. IS
R R LA RS SN
IR BNV BN A U R NN EE RANINN

Mfg. /

Item {Qty. Designator Description| Case Part Number
23 1 L5 Inductor, LQH4 MuRata Erie /
10 pH LQH4N100K-TA
24 1 Ji Connector, | MDM51 M83513/04-GO6N
51 Contact,
Socket
25 5 Q1,Q4,Q9, Transistor, |SOT-143 Calogic /
, Q10,Q11 FET, No Substitute
Sks SST215 Calogic No. SST215E
eyl 64103 04703 | oy7oy o405
26 3 Q2,Q3,Q8 /| Transistor, | SOT-23 Motorola /
NS 2N3904 MMBT3904
No Substitute
060830, 00019, 06018
27 | 3 Q12,Q18,Q14 Transistor, | SOT-23 Motorola /
Cus 2N7002 2N7002
No Substitute
56920, ©09/8 06719
28 2 R3,R66 75KQ, 1%, | RM1206 | D55342K07B7E50R
1/4 Watt,
100 ppm,
FR=0.01%/
- 1000hr
29 This space left
intentionally blank
30 2 R14,R31 243Q, 1%, | RM1206 | D55342K07B243DR
- 1/4 Watt,
100ppm,
FR=0.01%/
1000hr
31 2 R15,R32 1.82 KQ, 1%, | RM1206 | D55342K07B1E82R
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr




item

Qty.

Designator

Description

Case

Mfg. /
Part Number

32

R16,R116,R130
R133,R136

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

FR=0.01%/

1000hr

RM1206

D55342K07B49D9R

33

R17,R21,R49,
R74,R94,R95

TEMPORARILY
LOAD R49

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

FR=0.01%/

1000hr

RM1206

D55342K07B1EOOR

34

R18

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

FR=0.01%/
1000hr

RM1206

D55342K07B2E49R

35

R20

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

FR=0.01%/

1000hr

RM1206

D55342K07B2H70R -

36

R24

1.62 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B1E62R

37

R25

8.09 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B9EO9R

38

R26

24.3 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B24E3R



Item

Qty.

Designator

Description

Case

Mfg. /
Part Number

32

R16,R116,R130
R133,R136

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

FR=0.01%/

1000hr

RM1206

D55342K07B49D9R

33

R17,R21,
R74,R94,R95

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

FR=0.01%/

1000hr

RM1206

D55342K07B1EOOR

34

R18

2.48 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B2E49R

35

R20

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

FR=0.01%/

1000hr

RM1206

D55342K07B2H70R

36

R24

1.62 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B1E62R

37

R25

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

FR=0.01%/
1000hr

RM1206

D55342K07B9E09R

38

R26

24.3 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B24E3R



Item

Qty.

Designator

Description

Case

Mfg. /
Part Number

39

R27

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

FR=0.01%/
1000hr

RM1206

D55342K07B7E68R

40

R28,R91

0Q, 1%,
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr

RM1206

D55342K07B00DOR

41

R29,R48,R101,
R102,R129,R132,
R135,R140,R141

10 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0,01%/

1000hr

RM1206

D55342K07B10EOR

42

R30

2.15KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B2E15R

43

R37,R115,
R49,R122,R128

DO NOT LOAD
R49 OR R128

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

FR=0,01%/

1000hr

RM1206

D55342K07B100DR

44

R38

3.01 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B3EO1R

45

R42,R43

30 Q, 2%,
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr

RM1206

D55342K07B30GOR



Item

Qty.

Designator

Description

Case

Mig. /
Part Number

39

R27

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

FR=0.01%/
1000hr

RM1206

D55342K07B7E68R

40

R28,R91

0Q, 1%,
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr

RM1206

D55342K07B00ODOR

41

R29.R48.R101.
R102,R129,R132,
R135,R140,R141

10 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0,01%/

1000hr

RM1206

D55342K07B10EOR

42

R30

2.15KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B2E15R

43

R37,R115,
R122,R128

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

FR=0,01%/

1000hr

RM1206

D55342K07B100DR

44

R38

3.01 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

‘D55342K07B3EO1R

45

R42,R43

30 Q, 2%,
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr

RM1206

D55342K07B30GOR



Item

Qty.

Designator

Description

Case

Mfg. /
Part Number

46

R44,R93

1.96 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B1E96R

47

R46

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

FR=0.01%/
1000hr

RM1206

D55342K07B100ER

48

R92

20 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/

1000hr

RM1206

D55342K07B20EOR

49

R96,R98,R118,
R120

2.61KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B2E61R

50

R97

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

FR=0.01%/

1000hr

RM1206

D55342K07B301DR

51

R99,R119

6.19 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B6E19R

52

R112

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

FR=0.01%/

1000hr

RM1206

D55342K07B511DR



Item

Qty.

Designator
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Description

Case
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Mig. /
Part Number

53

R117

402 Q, 1%,
1/4 Watt,
100.ppm,

FR=0.01%/

1000hr

RM1206

D55342K07B40D2R

54

R121

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

FR=0.01%/

1000hr

RM1206

D55342K07B649DR

55

R124

5.1 Q 1%,
1/8 Watt

RC1206

KOA/
RM73B2BSR1JT

56

R125

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

FR=0.01%/

1000hr

RM1206

D55342K07B4939DR

57

R131

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

FR=0.01%/

1000hr

RM1206

Dale /
CRCW12069310FT

58

R134

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

FR=0.01%/

1000hr

RM1206

Rohm/
MCR12064420FT

59

R137,R49

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

FR=0.01%/

1000hr

RM1206

D55342K07B178DR



Mifg. /
Item | Qty. Designator Description| Case Part Number
60 1 R139 20.0 Q,1%, | RM1206 | D55342K07B20D0OR
1/4 Watt,
100ppm,
FR=0.01%/
1000hr
61 1 T1 Sensor, TO-52/3 Fenwell /
Temperature ' LTN11 Type
534-31AG04- 534-31AG04-562
562
62 1 U1 Amplifier,. SOIC-8 Comlinear /
Operational, CLC501AJE
Clamping SM
CLC501AJE 02870
63 1 u2 Receiver, SOIC-16 National /
Line DS34C86M
Quad S/
DS34C86 55 320
64 2 us,u27 Amplifier, SOIC-8 National /
Dual, Wide . LF353M
Band Siv 319
LF353 0132010)>
65 1 us Controller, [JLCC-44 Thomson-CSF /
CCD , TH79s0C
TH7990 s’
)
66 4 ue6,uU7, Driver, Line, | SOIC-16 National /
ui2,u2s Quad ., DS34C87M
DS34C87 4420
‘ DL{C' Oq‘ll" Cqﬁlg 0'1‘1‘7
67 | 1 U8 Converter, | LCC-28 Micropower /
Analog to MP7684ATL/883
Digital 8 bit
MP7684
68 4 usg,uto,u22 Driver, Dual | SOIC-8 Teledyne /
u23 Inverting ' TSC4426E0A
TSC4426 S'JJ > N Al -2 l‘ﬂ, 317
0557 95> 057 &

10



Mfg. /

item | Qty. Designator Description| Case Part Number
69 2 U11,U30 Driver, SOIC-8 Teledyne /
: Differential, TSC4428EOQOA
Dual S S 9
TSC4428 oI5 20 ,o)‘S
70 1 ui4 Amplifier, SOIC-8 National /
Operational, " LF356M
LF356 SVOi_’lD
71 2 uU17,u18 Regulator, SOIC-8 Nationali /
Voltage, . LM317LM
Adjustable R
70! -
LM317 05723705
72 1 ut9 Charged DIP-20 Type Chosen on
Coupled Camera Selection
DO NOT KIT Device
CCD
7860 or7863
73 1 u24 Amplifier, SOIC-8 Comlinear,
Operational, CLC502AJE
Clamping S/

74 1 "U26 Gate Array, |JLCC-44 Actel/

Field ACT1020A-1JQ44B
DO NOT KIT Program,
ACT1020A

75 1 us2 Converter, LCC20 Analog Devices /

Digital to AD558TE/883
Analog
ADS558TE/883.

76 1 X1 Crystal, CXAT MicroCrystal /
20 MHz 20.000 MHz
+50ppm CXAT-T2

77 2 U19 Socket Socket Strip | SIP-10 LLNL/

10 pin 5975-64700

11



Mfg. /

Item | Qty. Designator Description| Case Part Number
78 2 N/A Spacer N/A AAA92-104616-0OB
Tab-01
79 2 N/A Brass CCD N/A AAA92-109126
Mounting REV 00
Nuts
80 2 N/A #2-56 N/A NAS671C2
Stainless
Steel Nut
81 2 N/A Washer, N/A NAS620C-2
Stainless
Steel, #2
82 2 TP1,TP2 Test Points N/A LENL/
5975-66833
83 8 C4,C7,C8,C82, 0.1 pufd, RC1206 Rohm /
C99,C100, 50 Volt, 10% CE104K3NR-T2
C101,C123
84 1 L2 Inductor, LQH4 MuRata Erie /
47 uH LQH4N470K-TA

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.

Mfg. /
Item | Qty. Designator Description | Case Part Number

1 47 |C1,C3,C4,C5,C6, 0.039 pF, RM1206 | CDR32BX393AKUR
C7,C8,C15,C21, | 50V, 10%,
C23,C25,C26, FR=0.01%/

C30,C31,C33, 1000 hr
C34,C38,C39,
C40,C42,C44,
C45,C47,C48,
C54,C56,C57,
C58,C59,C60,
C63,C64,C66,
C67,C70,C91,
C92,C98,C102,
C103,C104,C108,
C109,C112,C114,
C121,C124
2 5 |1C2,C51,C61,C62, | 4.7 uid, Tant, | H-CASE | CWROBEHA47EKC
C122 10V, 10%,
WFR=0.01%/
1000hr
3 1 C9 47 ufd, Tant, | R-CASE Sprague /
20V, 10% 195D476X9020R2T




item

Qty.

Designator

Description

Case

\\\\

0

\,

Mfg. /
Part Number

C10,C11

22 ufd, Tant,
15V, 10%,
WFR=0.01%/
1000hr

G-CASE

CWRO06HH226KC

C12,C13,C17,
C105

6.8 ufd, Tant,
10V, 10%,
WFR=0.1%/
1000hr

E-CASE

CWRO6FH685KB

C20,C110

6.8 ufd, Tant,
20V, 10%,
WFR=0.01%/
1000hr

F-CASE

CWRO06JH685KC

C22,C24,C29,
C69,C90,C118

22 pfd, Tant,
20V, 10%,
WFR=0.01%/
1000hr

H-Case

CWRO06JH226KC

C32,C52,C94,
C95

10 pfd, Tant,
25V,10%,
WFR=0.01%/
1000hr

G-CASE

CWRO06KH106KC

C35

0.22 pufd,
50V; 10%

RC1206

Garrett /
1206Z2224M500N

10

C46,C93

1.0 pufd, Tant
35V, 10%,
WFR=0,01%/
1000hr

D-CASE

CWRO6MH105KC

11

C49,C50

0.022 pid,

100V, 10%,

FR=0.01%/
1000hr

RM1206

Garrett /
CE223K3NR

12

C53

15 pf,
100V, 5%,
FR=0.01%/
1000hr

RM1206

CDR32BP150BJUR

NN
\\\\\\



Mfg. /

Item | Qty. Designator Description| Case Part Number
13 5 C73,C74,C75, 3300 pf, RC0402 Novacap /
C76,C77 50V, 10%, RC0505 0402B332K500N
FR=0.001%/ CDR11BP332AKUS
1000hr
14 1 C83 0.01 pid, RM1206 | CDR32BX103BKUR
100V, 10%,
FR=0.01%/
1000hr
15 1 C111 47 pf, RM1206 | CDR32PB470BJUR
100V, 5%,
FR=0.01%/
1000 hr
16 2 C115,C116 270 pf, RM1206 | CDR32BP271BKUR
100V, 10%,
FR=0.01%/
1000hr
17 1 D1 Diode, SOT-23 Motorola /
Switching, MBAV74L
50V, 200 mA
MBAV74
18 1 D2 Diode, SOIC-8 Linear/
Voltage LM285MX-1.2
Reference
LM285-1.2
19 1 D3 Reference, SOIC-8 PMI/
Voltage, REF01CS
Precision,
10V,
REF-01
20 2 D4,D5 Diode, SOT-23 Phillips /
Schottky, 30V BAT54S
BAT54S
21 9 |JP4,JP6,JP7 JPS, Jumper, RM1206 | D55342K07B00DOS
JP11,JP13,JP14, 0Q, 1%,
JP15,JP16 1/4 Watt
22 3 L1,L3,L4 Inductor, LQH4 MuRata Erie /
100 puH LQH4N101K-TA




Mig. /

ltem | Qty. Designator | Description| Case Part Number
23 1 L5 Inductor, LQH4 MuRata Erie /
10 pH LQH4N100K-TA
24 1 J1 Connector, | MDM51 M83513/04-GO6N
51 Contact,
Socket
25 | 5 Q1,Q4,Q9, Transistor, |[SOT-143 Calogic /
~ Qto,Q11 FET, No Substitute
M2 SST215 Calogic No. SST215E
o401, 04782 ;04783 1 yppy , CHIeY
26 3 Q2,Q3,Q8 Transistor, | SOT-23 Motorola /
Y 2N3904 MMBT3904
o070 C00YE, 0B No Substitute
27 3 Q12,Q13,Q14 Transistor, | SOT-23 Motorola /
su & 2N7002 2N7002
L3, 00t% No Substitute
o()‘l*' I ocql )
28 2 R3,R66 7.5KQ, 1%, | RM1206 | D55342K07B7E50R
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr
29 2 R6,R7 150 Q, 1%, | RM1206 | D55342K07B150DR
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr
30 2 R14,R31 243 Q, 1%, | RM1206 | D55342K07B243DR
1/4 Watt,
100ppm,
FR=0.01%/
1000hr
31 2 R15,R32 1.82 KQ, 1%, | RM1206 | D55342K07B1E82R
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr




Item

Qty.

Designator

Description

Case

Mfg. /
Part Number

32

R16,R116,R130
R133,R136

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

FR=0.01%/

1000hr

RM1206

D55342K07B49D9R

33

R17,R21,
R74,R94,R95

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

FR=0.01%/

1000hr

RM1206

D55342K07B1EOOR

34

R18

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

FR=0.01%/
1000hr

RM1206

D55342K07B2E49R

35

R20

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

FR=0.01%/

1000hr

RM1206

D55342K07B2H70R

36

R24

1.62 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B1E62R

37

R25

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

FR=0.01%/
1000hr

RM1206

D55342K07B9EO9R

38

R26

24.3 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B24E3R



item

Qty.

Designator

Description

Case

Mig. /
Part Number

39

R27

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

FR=0.01%/ .

1000hr

RM1206

D55342K07B7E68R

40

R28,R91

0 Q, 1%,
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr

RM1206

D55342K07BO0ODOR

4

R29,R48,R101,
R102,R129,R132,
R135,R140,R141

10 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0,01%/

1000hr

RM1206

D55342K07B10EOR

42

R30

2.15 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B2E15R

43

R37,R115,
R122,R128

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

FR=0,01%/

1000hr

RM1206

D55342K07B100DR

44

R38

3.01 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B3E01R

45

R42,R43

30 Q, 2%,
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr

RM1206

D55342K07B30GOR



Item

Qty.

Designator

Description

Case

Mfg. /
Part Number

46

R44,R93,R119

1.96 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B1E96R

47

R46

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

FR=0.01%/
1000hr

RM1206

D55342K07B100ER

48

R92

20 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/

1000hr

RM1206

D55342K07B20EOR

49

R96,R98,R118,
R120

2.61KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B2E61R

50

R97

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

FR=0.01%/

1000hr

RM1206

D55342K07B301DR

51

R99

6.19 KQ, 1%,
1/4 Watt,
100 ppm,

FR=0.01%/
1000hr

RM1206

D55342K07B6E19R

52

R112

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

FR=0.01%/

1000hr

RM1206

D55342K07B511DR



Item

Qty.

Description

Case

Mfg. /
Part Number

53

Designator

R117

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

FR=0.01%/

1000hr

RM1206

D55342K07B40D2R

54

R121

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

FR=0.01%/

1000hr

RM1206

D55342K07B649DR

55

R124

5.1Q1%,
1/8 Watt

RC1206

KOA/
RM73B2B5R1JT

56

R125

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

FR=0.01%/

1000hr

RM1206

D55342K07B499DR

57

R131

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

FR=0.01%/

1000hr

RM1206

Dale /
CRCW12069310FT

58

R134

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

FR=0.01%/

1000hr

RM1206

Rohm /
MCR12064420FT

59

R137

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

FR=0.01%/

1000hr

RM1206

D55342K07B178DR



Mfg. /

Item | Qty. Designator Describtion Case Part Number
60 1 R139 20.0 Q,1%, | RM1206 | D55342K07B20D0R
1/4 Watt,
100ppm,
FR=0.01%/
1000hr
61 1 T Sensor, TO-52/3 Fenwell /
Temperature LTN11 Type
534-31AG04- 534-31AG04-562
562
62 1 U1 Amplifier,. SOIC-8 Comlinear /
Operational, CLC501AJE
Clamping
CLC501AJE
63 1 U2 Receiver, SOIC-16 National /
Line DS34C86M
Quad
DS34C86
64 | 2 us,u27 Amplifier, SOlC-8 National /
Dual, Wide LF353M
Band
LF353
65 1 Ubs Controller, |JLCC-44 Thomson-CSF /
CCD TH7990C
TH7990
66 4 uUe,uz, Driver, Line, | SOIC-16 National /
uUi12,U25 Quad DS34C87M
DS34C87
67 1 us Converter, | LCC-28 Micropower /
Analog to MP7684ATL/883
Digital 8 bit
MP7684
68 4 ug,uto,u22 Driver, Dual | SOIC-8 Teledyne /
u23 Inverting TSC4426E0A
TSC4426

10
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Mfg. /
item |Qty. Designator | Description| Case Part Number
69 2 U11,U30 Driver, SOIC-8 Teledyne /
Differential, TSC4428EOQA
Dual
TSC4428
70 | 1 U14 Ampiitier, | SOIC-8 National 7
Operational, LF356M
LF356 :
71 2 uUt7,U18 Regulator, SOIC-8 National /
Voltage, LM317LM
Adjustable
LM317
72 1 uig Charged DIP-20 Type Chosen on
Coupled Camera Selection
DO NOT KIT Device
CCD
7860 0r7863
73 1 u24 Amplifier, SOIC-8 Comlinear,
Operational, CLC502AJE
Clamping
CLC502
74 1 U226 Gate Array, |JLCC-44 Actel/
Field ACT1020A-1JQ44B
DO NOT KIT Program,
. ACT1020A
75 1 us2 Converter, LCC20 Analog Devices /
Digital to ADS58TE/883
Analog )
AD558TE/883
76 1 X1 Crystal, CXAT MicroCrystal /
20 MHz 20.000 MHz
+50ppm CXAT-T2
77 2 U19 Socket Socket Strip | SIP-10 LLNL/
10 pin 5975-64700
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Mfg. /

ltem | Qty. Designator Description| Case Part Number
78 2 N/A Spacer N/A AAA92-104616-OB
Tab-01
79 2 N/A Brass CCD N/A AAA92-109126
Mounting REV 00
Nuts
80 2 N/A #2-56 N/A NAS671C2
Stainless
Steel Nut
81 2 N/A Washer, N/A NAS620C-2
Stainless
Steel, #2
82 2 TP1,TP2 Test Points N/A LLNL/
5975-66833
83 5 C82,C99,C100, 0.1 pfd, RC1206 Rohm /
C101,C123 50 Volt, 10% CE104K3NR-T2
84 1 R49 200 Q, 5%, | RM1206 | D55342K07B200JR
1/4 Watt,
100 ppm,
FR=0,01%/
1000hr
85 1 L2 Inductor, LQH4 MuRata Erie /
47 uH LQH4N470K-TA
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Assembly Procedures
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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 Wiring 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-S0-005
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-S0-007
Clementine Sensor Suite Waiver Procedure, C1-S0-006

Clementine Failure Reporting, Analysis and Corrective Action System,
C1-EE-0021

2.3 General Notes

1) 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.

2) 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.

3)  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.



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 numbe
Date: 3/&@ / %ﬁ QA: ~

Inspectign Date QA Stamp

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.

Manufacturer Qm NYeL C;rcuﬁl’e
Serial#: ___ D4+0lp LotCode: _(az ¥ lo Q

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 + 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 operaitor 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 ¢ igcAa on log work
sheets by paragraph number. 2

Oven Calibration and Certification Current: o
. Operator or QA Stamp
Start Time: 060 P. IAn End.Time: ] 0D A AN
\ v
- -
Start Temp: 435 °C  End Temp: N °C

Oven Make: \Ze {56 /‘-?QAAA T OvenModel: T H TP

Oven Serial #: _ |2 [os o —| (:#)-g\)__

M
Date: Hl15 /9% Operator:
Daté Recorded 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.

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.

G

FLuok<- 3[19/a3- >/iajas” Operatdgor QA Stamp

0
Equipment is in cu;rent cali/b?on. Operator: ___#- A, %
I

wascan- gf3lay . 1/3/53
5.2 Verify that parts have been kittéd per the bill of materials, LEA92-3128-04.
This includes verification that all resistors and capacitors are within proper
tolerance as specified in the bill of materials. Record both below and in the

certification log work sheets by paragraph number.

w‘
Date: __Apair 1L, 1993 Operator: AR, m

L)
Date Verified Operator or OSiarffp

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. All readings must be
greater than 10 Meg ohms, except where noted. See figure 1 below for
the location of pins in J1.

181716151413121110 9 8 7 6 5 4 3 2 1

0 ololo
PR
l

HEERR

11
40 48 47 46 45 44 43 42 41 40 39 38 37 36

MDM 51 Contact Connector.
Face View of Socket Insert.

O
—1QO.0

o —

l
515

Figure 1.



Meter Meter
Common | Signal | signal Signal | Actual
J1-5 AGND J1-39 | +15vDC
15 AGND NER Ssvoe
715 AGND | 137 T svbe =
775 AGND I3 Voo
Ol
75 AGND J1-40 T5VIN
75 AGND F20 | BeND T
3720 DGND |35 | STsvoe
J1-20 DGND Ji1-4 -15VDC 0
J1-20 DGND Ji-37 Pesiviy v
3720 DGND 713 =SV ToR
3720 DGND J7-40 N
J1-39 +15VDC J74 TEvee T2
J1-39 +15VDC J1-37 +5VDC ot
J1-35 | +15VDC 373 =SV T
J1-38 | +15VDC | 140 VN
J1-4 I5VDC | Ji-37 PECiV/y o
J4 [ 5vDC | i3 =37 o
J1-4 -T5VDC | Ji-40 +5VIN L
7137 +5VDC 713 svoe
3137 T5VDC J7-40 PV B
13 5VDC 3740 +5VIN —
O,L

Table 1.




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
oo

Ak

=l | )

G

\ /

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:



Item |Qty Designator Description| Case
1 |44 1 C1,C3,C5,C6,C15,C21, 0.039 pF, RM1206
C23,C25,C26, 100V, 10%
C30,C31,£33,C34,C38,
C39,C40,C42,C44,C45,
C47,C48,C54,C56,C57,
C58,C59,£60,C63,C64,
C66,C67,C70,C91,C92,
C98,C102,C103,C104,
C106,C109,C112,C114,
Ci121,C124
9 1 C35 0.22 pfd, RM1206
50V, 10%
11 2 C49,C50 0.022 pufd, RM1206
100V, 10%
12 11 C53 15 pf, RM1206
100V, 5%
13 | 5 C73,C74,C75,C76,C77 3300 pf, RC0402
50V, 10% | RC0505
14 {1 C83 0.01 pfd, RM1206
100V, 10%
15 | 1 C111 47 pf, RM1206
100V, 5%
16 | 2 C115,C116 270 pf, RM1206
100V, 10%
8318 C4,C7,C8,C82,C99, 0.1 pfd, RC1206
C100, C101,C123 50 Volt, 10%
28 | 2 R3,R66 7.5KQ, 1% | RM1206
30 | 2 R14,R31 243 Q, 1% | RM1206
31 ]2 R15,R32 1.82 KQ, 1% | RM1206

Table 2.




Item |Qty Designator . Description| Case
1 147 | C1,C3,C4,C5,C6,C7,C8, 0.039 pF, RM1206
C15,C21,C23,C25,C26, 100V, 10%

C30,C31,C33,C34,C38,
C39,C40,C42,C44,C45,
C47,C48,C54,C56,C57,
C568,C59,C60,C63,C64,
C66,C67,C70,C91,C92,
C98,C102,C103,C104,
C106,C109,C112,C114,
C121,C124
9 1 C35 0.22 ufd, RM1206
50V, 10%
11 2 C49,C50 0.022 pfd, | RM1206
100V, 10%
12 | 1 C53 15 pf, RM1206
100V, 5%
13 {5 C73,C74,C75,C76,C77 3300 pf, RC0402
50V, 10% | RC0505
14 | 1 C83 0.01 pfd, RM1206
100V, 10%
16 | 1 C111 47 pf, RM1206
100V, 5%
16 | 2 C115,C116 270 pf, RM1206
100V, 10%
83 5 C82,C99,C100, 0.1 ufd, RC1206
C101,C123 50 Volt, 10%
28 | 2 R3,R66 75KQ, 1% | RM1206
29 | 2 R6,R7 150 Q, 1% RM1206
30 | 2 R14,R31 243 Q, 1% | RM1206
31 2 R15,R32 1:82 KQ, 1% | RM1206

Table 2.




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

pae: 4| 18 /9% QA:

| Date Intpected QA Stamp

7.4 The printed wiring board shall be baked at 130 + 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.
Calibration and Certification Current, Initial: N

Operator or QA Stamp
Start Time: 500D Pﬁk End Time: JL 00 oun
Start Temp: a5 °C  EndTemp: a5 °C

1]

/I:A.u.— TT/ Oven Model: TH J R

Oven Make: \/u Sh

Oven Serial#: _| 2 Le Lo =)
®
Date: “ { / 5{ { ﬁ 2 Operator: 2,

Date{ Complefed 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.



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

Item|Qty Designator Description| Case
32 | 5 R16,R116,R130, 49.9Q,1% | RM1206
R133,R136
33 |5 R17,R21,R74,R94,R95 1.0KQ, 1% | RM1206
34 | 1 R18 2.49KQ, 1% | RM1206
35 |1 R20 2.7 KQ, 5% | RM1206
36 | 1 R24 1.62 KQ, 1% | RM1206
37 | 1 R25 9.09 KQ, 1% | RM1206
38 | 1 R26 24.3 KQ, 1% { RM1206
39 | 1 R27 7.68 KQ, 1% | RM1206
40 | 2 R28,R91 0Q,1% RM1206
41 1 9 | R29,R48,R101,R102,R129, | 10KQ, 1% | RM1206
R132,R135,R140,R141
42 | 1 R30 2.15KQ, 1% | RM1206
43 | 3 R37,R115, R122 100 Q, 1% | RM1206
44 | 1 R38 3.01 KQ, 1% | RM1206
45 | 2 R42,R43 30 Q, 2% RM1206
46 | 2 R44,R93 1.96 KQ, 1% | RM1206
47 | 1 R46 100 KQ, 1% | RM1206
48 | 1 R92 20 KQ, 1% | RM1206
49 | 4 R96,R98,R118,R120 2.61KQ, 1% | RM1206
50 | 1 R97 301 Q, 1% | RM1206

Table 3a.




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

Item |Qty Designator Description| Case
32 | & R16,R116,R130, 499 Q, 1% | RM1206
R133,R136
33 |56 R17,R21,R74,R94,R95 1.0 KQ, 1% | RM1206
34 | 1 R18 2.49KQ, 1% | RM1206
35 | 1 R20 2.7KQ, 5% | RM1206
36 | 1 R24 1.62 KQ, 1% | RM1206
37 | 1 R25 9.08 KQ, 1% | RM1206
38 | 1 R26 24.3 KQ, 1% | RM1206
39 1 R27 7.68 KQ, 1% |-RM1206
40 | 2 R28,R91 0Q, 1% RM1206
41 | 9 | R29,R48,R101,R102,R129, 10 KQ, 1% | RM1206
R132,R135,R140,R141
42 | 1 R30 2.15 KQ, 1% | RM1206
43 | 4 R37,R115, R122,R128 100 Q, 1% | RM1206
44 | 1 R38 3.01 KQ, 1% | RM1206
45 | 2 R42,R43 30 Q, 2% RM1206
46 | 3 R44,R93,R119 1.96 KQ, 1% | RM1206
47 |1 R46 100 KQ, 1% | RM1206
48 | 1 Ro92" 20 KQ, 1% | RM1206
49 | 4 R96,R98,R118,R120 2.61KQ, 1% | RM1206
50 | 1 R97 301 Q, 1% | RM1206

Table 3a.




item |Qty Designator Description| Case
51 | 2 R99,R119 6.19KQ, 1% | RM1206
5211 R112 511 Q,1% | RM1206
53 | 1 R117 40.2Q,1% | RM1206
54 11 R121 649 Q, 1% | RM1206
55 |1 R124 51Q1% | RM1206
56 |1 R125 499 Q, 1% | RM1206
57 11 R131 931 Q,1% | RM1206
58 |1 R134 383 Q,1% | RM1206
59 |1 R137 178 Q, 1% | RM1206
60 | 1 R139 20.0 Q,1% | RM1206
Table 3b.

7.5.1 Temporarily install a 1K 1%

do not fuily solder.

RM1206 resistor for R49. Tack this part only

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:

7/22 /93

Su

0[& fdéﬁ., Lo
QA:

7.7 The printed wiring board shall be baked af 130 + 5 °C for a minimum of 6

Date Inspected

QA Stamp

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.
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item jQty Designator Description| Case
51 | 1 RS9 6.12 KQ, 1% | RM1206
52 | 1 R112 511 Q, 1% | RM1206
53 | 1 R117 40.2Q, 1% | RM1206
54 | 1 R121 649 Q, 1% | RM1206
55 {1 R124 5.1Q1% RM1206
56 | 1 R125 438 Q, 1% | RM1206
57 |1 R131 931 Q, 1% | RM1206
58 | 1 R134 383 Q,1% | RM1206
59 | 1 R137 178 Q, 1% | RM1206
60 | 1 R139 20.0 Q,1% | RM1206
84 | 1 R49 200 Q, 5% | RM1206
Table 3b.

7.6 Clean and inspect all solder joints
substandard solder joints. Record ins

log worksheets.

Date:

7.7 The printed wiring board shall be baked at 130 + 5 °C for a minimum of 6

IR

! [ Date lnsbeéted

QA:

pection both here and jn-t
Fon

i'___—_‘ )

per MIL-STD-2000. Rework any

certification

QA Stamp

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 th

sheets by paragraph number.

Calibration and Certification Current, Initial:

Operator or QA Stamp

?”C‘éﬁﬁ%aﬁon log work

10



Start Time;

0’0(¢?-M EndTime: ___| - 07 lpr

]
- -
Start Temp: a4 °C  End Temp: a5 °C

Oven Make: lfersa qw—"\/ Oven Model: TH\T ﬂz

=4

Oven Serial # _ |2 bl 4 —|

Date: Y] 2l / 472 Operator:

! |Date Cor'-nplétea' 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. '

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

Item |Qty Designator Description | Case

2 5 C2,C51,C61,C62,C122 4.7 pfd, Tant, | D-CASE
10V, 10%

3 |1 C9 47 pfd, Tant, | R-CASE
20V, 10%

4 |2 C10,C11 22 ufd, Tant, | G-CASE
15V, 10%

5 | 4 C12,C138,C17,C105 6.8 uid, Tant, | E-CASE
10V, 10%

7 |6 C22,C24,C29,C69,C90, | 22pid, Tant, | H-CASE

C118 20V, 10%

8 |4 C32,C52,C94, C95 10 pfd, Tant, | G-CASE
25V,10%

10 | 2 - C46,C93 1.0 ufd, Tant | D-CASE
35V, 10%

Table 4a.

11



item |Qty Designator Description| Case
17 | 1 D1 Diode, SOT-23
Switching,
MBAV74
20 | 2 D4,D5 Diode, SOT-23
Schottky, 30V
BAT54S
26 3 Q2,03,Q8 Transistor, SOT-23
2N3904
27 | 3 Q12,Q13,Q14 Transistor, | SOT-23
) 2N7002
22 | 3 L1,L3,L4 Inductor, LQH4
100 pH
23 1 1 L5 Inductor, LQH4
10 uH
84 1 L2 Inductor, LQH4
47 uH or
39 uH
25 | 5 Q1,Q04,Q9, Transistor, [SOT-143
Q10,Q11 FET,
SST215
76 | 1 X1 Crystal, CXAT
20MHZ
Tabie 4b.

7.8.1 The landing pattern for item 6 was incorrectly designed on some boards.

If so, item 6 must be installed on its side.

below.

Install item 6 as listed in table 5

Item |Qty Designator Description| Case
6 |2 C20,C110 6.8 pfd, Tant, | F-CASE
20V, 10%
Table 5.

12



7.9 Install the jumpers indicated in table 6 below. These parts are located as
shown in Figure 3 on the primary side of the printed wiring board and in
Figure 4 on the secondary side of the printed wiring board.

item |Qty Designator Description| Case
21 | 9 JP4,JP6,JP7,JP9,JP11, Jumper, RM1206
" JP13,JP14,JP15,JP16 09,1%
Table 6.
JP6 JP13 JP15 JP14 JP16

\ \ |

00000000

]
|

(] aln]

©

EoEc:Eo:oEoEoEoéoo:’EoEol“lo!':oEc:a!oEoE
oo

©

@alll 0mm

Q (0 00 0 goono
&R

munuuunuu o DD
-
a0 kmmnuuu =nmol00

auronn

o3

Figure 4, Secondary Side View.
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7.10 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: 4[&2/51 5 QA: #2~'

' I Date thspacted QA Stamp

7.11 The printed wiring board shall be baked at 130 + 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 !

sheets by paragraph number. g

Calibration and Certification Current, Initial:

Operator or QA Stamp
Start Time: 7 52) cl?-l/\A- End Time: [~ 3 D QW(
Start Temp: q 5 °C  EndTemp: Q 5 °C
el —_—
Oven Make: L/P rse Lowe 7(/ OvenModel: T H I P

Oven Serial #: _| 2o lp ¥~ |

Date: L// A / q % Operator:

[Date Condpleted” 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.
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7.12 Install the items listed in tables 7a and 7b below.

Item |Qty

Designator

Description| Case

18 | 1

D2

Diode, SOIC-8
Voltage
Reference

LM285-1.2

D3-

Reference, | SOIC-8
Voitage,
Precision,

10V, REF-01

U1

Amplifier,. SOIC-8
Operational,
Clamping

CLC501AJE

us,ua7

Amplifier, SOIC-8
Dual, Wide
Band

LF353

ug,u1o,u22-
u23-

Driver, Dual | SOIC-8
Inverting

TSC4426

‘U11,U30

Driver, SOIC-8
Differential,
Dual

TSC4428

T4

Amplifier, SOIC-8
Operational,

LF356

u17,U18

Table 7a.

Regulator, | SOIG8
Voltage,
Adjustable

LM317

15




ltem{Qty Designator Description| Case
52
;fé 1 U24* Amplifier, | SOIC-8
¢ Operational,
CLC502
H3 11 U2 Receiver, | SOIC-16
s Line, Quad
DS34C86
el
56 14 ue,uUv, Driver, Line, | SOIC-16
ui2,u25. Quad
DS34C87
&
87 |1 . ug- Converter, | LCC-28
5 Analog to
: Digital 8 bit
2 MP7684
75 | 1 us2 Converter, LCC20
; ' Digital to
] Analog
AD558TE/883
F-3
65 | 1 - US Controller, [JLCC-44
CCD
TH7990
Table 7b.

7.13 ltem 74, U26, an Actel ACT1020A is a programmed device. Due to its
critical function in the operation of the Actel 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
gate array. Record the address on the front page of this document.

Lwi Fle Da
ST2D 44343

File Name: Check Sum: N{A

Programming Date: j -Mag 93

Device Supplied By: __ D#A)
) 0 Name of Engineer or Technologist

QA:
. @&Stamp

StarTracker Address <
#1or#2

16



7.14 Install item 74, U26, ACTEL ACT1020A.

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

Pin 16

el ] i rM— r~ 1 r— r~

rrrryrrrr

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 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

7.19 Temporarily tack a wire between the outermost pads of R128 and C123.
See figure 6 below.

000 Y o
meiEd
gl BEDo oo 7
g0t ol B Ep
iyl BSeE
i g Camgd[E B
gl 23 |
EB@Q@:@D i’ﬁ”fgé_g ©
2 St

Figure 6.
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7.14 Install item 74, U26, AGTEL ACT1020A.

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

Pin 16

el el Y M /M — 1 1 r—i

RARArARER

Cut Flush With Taper

o, Figure 5.

X
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.

7147 Pretin the leads of item 82 TP1 and TP2, two pin terminal strips per
C1-EE-023, Preparation of Gold Plated Leads.
718 Install ltem 82, two pin terminal strips

ey

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

720 Measure the longest dimension of item 78, spacers, AAA92-104616-0B
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.

Pl

. Length of Spacers __~ 387 , 33>

721 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 £ 2 oz-in.

Torqoed wuts T6 40,0 02w, ~Used aw owealibipre Taol,

L
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/— SPACER PRIMARY SIDE
/— PWB /

s TN, washew
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 standofis.

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.

\ COMPONENT SDE /

- _
O EEEEE ) Q)
\—Connector, J1

#2-56 Screw,
ks I/ 0.25 long
o | 0
Figure 7.

C'\

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

2o

y

7. 25 Verify that the bottom surface of the flange of J1 is 0.257 +.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 Bottom Surface distance from PWB: _ ¢ 26/

J1 Bottom Surface distance f b/
Q

Operator:

Operator or QA Sta

18
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7.19 Temporarily tack a wire between the outermost pads of R128 and C123.
See figure 6 below.

il

1l

SQF )

IE i

E ik

| c— gfé
e — @

=
A
EE

Table 6.

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

7.21 Measure the longest dimension of item 78, spacers, AAA92-104616-0B
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 / /

7.22 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 7. Spacers are mounted from the primary side with nuts and
washers on the secondary side. Using a calibrated tool, torque nuts to

40.0 + 2 oz-in.

18
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72§ 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-2000. Rework any
substandard solder joints. Record inspection both here and jp.the certification

log worksheets. QA
Date: i [ 35 } 9 6 QA: #2,
" | Date lspected QA Stamp

, oAeq B % G b oo e t*':“%ﬁ'zlpb%/
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.

7.29 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.

181716151413121110 9 8 7 6 5 4 3 2 1

MDM 51 Contact Connector.
Face View of Socket Insert.

Figure 8.
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SPACER

PRIMARY SIDE
yau PWB / '

tq TN\, wasien
2-56 NUT

Figure 7.

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

7.24 Assemble J1 to the spacers using 2 each #2-56 x .25 long. screws as
shown in figure 8. Finger tighten only, do not torque.

\ COMPONENT SDE /
— —
LGDUfji'-'ff‘f‘:‘:fff‘:'?" Jloy

\—Connector, J1

#2-56 Screw,
— 0.25 long

Ay
L
L

e T T I T T I T 1 '

Figure 8.

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

19



7.26 Verify that the bottom surface of the flange of J1 is 0.257 + .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 Bottom Surface distance from PWB:

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
engineering evaluation.

7.29 Installation of items listed in table 8 below will be done after test.

Item |Qty Designator Description | Case
43 | 2 R49,R128 100 Q, 1%, | RM1206
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr
Table 8.

7.30 Clean and inspect all solder joints per MIL-STD-2000. Rework any
substandard solder joints. Record inspection both here and inAtre~
log worksheets.

Date: 5/5/7 > QA:

/ Daté Inspected - ~-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.

7.31 Install a connector saver on J1.

20



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

7.21 Measure the longest dimension of item 78, spacers, AAA92-104616-0B
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.

See ol papt VR @
Length of Spacers 3872 .3&7

7.22 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 7. Spacers are mounted from the primary side with nuts and
washers on the secondary side. Using a calibrated tool, torque nuts to

40.0 + 2 oz-in.

/—- SPACER PRIMARY SIDE
yau PWB
‘c% TN\ wasien
2-56 NUT
Figure 7.

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

7.24 Assemble J1 to the spacers using 2 each #2-56 x .25 long. screws as
shown in figure 8. Finger tighten only, do not torque.

\ i COMPONENT SDE /

_ _

O Q)
\—Connector, J1

#2-56 Screw,
N I/ 0.25 long
S| X
Figure 8.
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7.25 Trm the leads of J1 such that they extend thru the printed wiring board by
0.020 to 0.040 inch.

7.26 Verify that the bottom surface of the flange of J1 is 0.257 + .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 Bottom Surface distance from PWB: .26 :

J1 Bottom Surface distance from PWB: =61
Operator: S old pagh 8

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
engineering evaluation.

7.29 Installation of items listed in table 8 below will be done after engineering
evaluation.

Item |Qty Designator Description| Case
43 | 2 R49,R128 100 Q, 1%, | RM1206
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr
Table 8.

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

log worksheets. 95t old fagyl 194
Date: L// 23/ 73 QA:
Date Inspected 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.

7.31 Install a connector saver on J1.

7.32 The printed wiring assembly now goes to engineering for evaluation.

19
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8. Post Evaluation Assembly

8.1 The printed wiring board shall be baked at 130 + 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. This  bake out i}*ep\ @

was sKy

Calibration and Certification Current, Initial: v

Operator or QA Stamp

Start Time: Time:
Start Temp: °C EndTemp: °C
Oven Make: Oven Model:
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.

ltem |Qty Designator Description| Case
43 | 2 R49,R128 100Q, 1%, | RM1206
1/4 Watt,
100 ppm,
FR=0.01%/
1000hr
Table 9.

20
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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. Q h Dot
1L oft Shuey = 6B AR
Date: ___S/Shs QA:

Date Inspacted QA Stamp

8.5 The printed wiring assembly now goes to engineering for additional
evaluation.
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8.6 The printed wiring board shall be baked at 130 + 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.

<
Calibration and Certification Current, Initial: @
Operator or QA Stamp
Start Time: 87 30 N End Time: .30 f- M
Start Temp: a5 °C  End Temp: 45 °C

Oven Make: ]/4’ rsc \K%._ f(.__ Oven Model: THIE

Oven Serial #: __ A3 Lelo 4 —|
Date: S / 17 / 93 Operator:
/ Date Comipleted 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" 0.125"

0.0625 "

|

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.

TR TR2
.
Hysol O D:D%
~ (o) (@] 1
et =
SO F SEIEIES
gfm;%o
M Jo [ B2 o H-HeT
= =10 O
g =Slo | FHokdkkd
mong Jo ° T 1
OO0 o OO0

TR1 = 10.0 KQ, 0.1%
TR2=9530 Q,0.1%

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-S0-005). Bake for 30 minutes at 60 °C.

8.10 Identify the leads of item 61, T1, thermistor. Lead L1 is the longest lead,
L4 is the shortest and L2/L3 is in between. Verify the lead identity by making
resistance measurements as shown in figure 12.

White Dot~

Fenwall Thermistor
Part #137-562-ZXT-D02
LTN-11 Composite
-30 to +70°C

* Measured at room temperature (22°C)
Dean Hadley 5-11-93 Rl

Figure 12.
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8.11 Using #28 wire wrap wire insulation, insulate lead L4 and L1 to a length of
0.75 inch. Insulate leads L2/L3 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.

8.13 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 Route lead
this hole. L2/L3 around

PWB edge here.

Insert L4 through
this hole. \ /

ooog O
%DII%S(S) §EBD
EE S ;‘gunnum
§ .m
%@;O O Dm%

Primary Side View

Figure 13.
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Thermistor

-~ T\

75 Inch Lead
c—————| length
i ] T

Figure 14.

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

8.15 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.

TR1 TR2

Lead L2/L3 .

Lead L1—

Secondary Side View

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.

{ 1
CcCcDh Dress Thermistor
Rails Wires Around End
P of Rail
N [ ] >
Primary Side View
Figure 16.

8.18 Solder the leads of the thermistor to the leads of TR1 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.

8.19 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: 5 / 19 /6% QA:
q’ate lnspec{ed QA Stamp

8.20 Stake the thermistor wires, using EA 934 (reference, Eng. Note C1-S0-
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.

N
EREH
8D:DD:D]
//, o@[&rﬁ g
New Staking %EHD O%
U erqooomm
o0
[ 1] O SRS
oo () -
\
Secondary Side View
>

Figure 17.
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8.21 Stake the connector standoff auts-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.

- ¥4
Date: > // 8 / K QA: @
Date Inspected 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.
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3.6  Pre-Test Operations

CAUTION

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

_&(1) Assure readiness to test, including the following items:
(a) Visual examination of the test item and its interfaces, including any
special test instrumentation .
(b) Calibration is current for measuring instruments

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

(d) Notification of QA of the time that testing will begin.

X (2) Record the "Occasion for Test" on all Data Sheets.

X (3)  Onthe applicable data sheets, record the required information for
measuring equipment to be used in the test. Verify that all such
equipment bears current calibration stickers, and that calibration will not
expire prior to the end of the test.

X (4) Have completed Actel Camera Array Test Board Certification C1-EE-033.
_X(5) Solicit and obtain the QA Inspector's "OK to Continue.”

sT2D

9/22/33

D P/\j -/(5_\-/
2 avt T
étzr’bl" ,,..l<€f & g "o

S
ALORS

7
;
’

i 57/, /
Test Conductor Sywa,; 7// o~ Date =/ 5/%.



3.7 TEST

Test Start Date: <5/ 7/ 93 Test Completion Date: SIZ?/Z i3

Equipment Used SIN Calibration In-date
TDSs40 Bo 237 ¢o 9/{/00;/{-/75
MNac Ly

Enter Name of LabView programs to Use

Name Date Created Date Modified
A(‘.')Le( TcST PVO@{‘M. \, L///)_(;/q?, \g/jl/93
NOTES:

Test Conductors:

Name: _§, /Z;ixh Initials: [DPA/Date S"/ ’;/ )

Name: Initials: Date




Functions to Be tested
1. Sasi Functions

Check bits can be set and cleared and read back.

Name: lnitials:f{)P/j Date S// ‘/// 73
2. Double Correlated Sampling

TP14 isOL2

TP15is ORfet

TP16is OR

Name: lnitials:\')v) Date% 5://?43

3. Precision Integration mode Check and Frame Enable
{frame xfer of UV-vis arrays}

TPS SMt
TP10 SMO

TP11 EOL

TR3  VSync {frame enable}

TP13 VTC
Name: : lnitia!s:@gp Date 5///%/ / 7>

4. Test Initiclization

TP8 T2
TP7 Init 2/9.6,, ¢ — W, E R

Name: Initials: DYN Date 57/7/53

DATA is to go in certification log of camera that array is going into.
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ACTEL CAMERA ARRAY TEST

PROGRAM OF ARRAY AND DATE CODE
:2d
4-22-93

TESTER NAME DARRON NIELSEN

5/4/93

9:23

SASI BIT TEST 1

SASI BIT TEST 1 PASSED

5/4/93
9:24

DOUBLE CORRELATED SAMPLING TEST2
DOUBLE CORRELATED SAMPLING TEST 2 PASSED
CH1 -> CH2 DELAY

6.54E-8s
CH1 -> CH3 DELAY

1.24E-9s

wH2 +WIDTH

2.93E-8s
CH3 +WIDTH

5.24E-8s
CH1 +WIDTH

9.90E-8s

5/4/93
9:28

INTEGRATION SM1/SMO/VSYNC TEST3. 1
PASSED
PARM ID 0 9
PARM ID 1 1
PARM ID 2 6A
PARM ID 3 0
PARM ID 5 1F
CH1 -WIDTH
1.00E-2s
X2 -WIDTH



1.00E-2s
CH3 +WIDTH
9.90E37s

5/4/93
9:32

INTEGRATION SM1/VSYNC TEST3.2
PASSED
PARM ID 09
PARM ID 11
PARM ID 2 FF
PARM ID 3 1F
PARM ID 5 1F
CH1 -WIDTH
7.73E-1s
CH3 +WIDTH
5.50E-2s

5/4/93
9:35

* "TEGRATION SM1/SMO/VSYNC/EOL TEST3.3

~ASSED
PARM ID 09
PARM ID 11

PARM ID 2 1
PARM ID 30

PARM ID 51F
CH1 -WIDTH
8.44E-5s
CH2 +WIDTH
9.44E-5s
CH4 PERIOD
9.46E-5s

5/4/93
9:38

INTEGRATION SM1/SMO/VSYNC TEST3.4

PASSED
PARM ID 09
.+ ARM ID 11



PARM ID 2B
PARM ID 30
PARM ID 5 1F
A1 -WIDTH
1.04E-3s
CH2 -WIDTH
1.04E-3s
CH4 -WIDTH
2.08E-5s
/CH4 -> /CH1 delay
1.21E-3s

5/4/93
9:42

init/t2 TEST4

PASSED

CH1 -WIDTH
5.96E-7s

CH2 -WIDTH

9.90E37s~ 2 /9. CwS



SPRAGUE PQPx 37
CONCORD, NEY HAMPSHIRE 7/18/02

/[—§-923
CUSTOMER NAME DATE /
ey - 2
P LOT#/DATE cODEA3E07~/ /F B0 T
CUSTOMER ORDER # X/ Q344000 y;

CUSTOMER PART # (0 h@m (L, W45k O AGUE MO,

AMOUNT 8HIPPED i)
SUMMARY OF TEST DATA
MIL-C-56366C

8UBGROUP | (100%) BEF.  AMOUNT AMOUNT ALLOWED
EABA..I.ESIEDEA.LLEDEALLMBE.B

SUBGRQUP 11 o -
PP
DC Leakage 4.7.4 _PPM 0 0
Capaolianoe 4.7.5 Sampling 0 0
Disslpation Faolor 4.7.6 — o o .
ESR (when applioable) 4.7.10 0 ) ’
Mechanlioal Exam - 4.7.2 )]Z o Q
SUBGRQUP (1]
13 0
Visual Exam (4.7.2 IE—— 2
SUBQRQUP |V I
8labliltly at Low & 4.7.12 13 0 o
High Temperalure
. SUBQROUP Y
8Bolderabllity =« . 4.7.16 13 0 o
GROUP € INSPECTION DATA
SUBGQROUP |
Vibration, High Frequenoy, 4.7.7 12
Th.crm:l 8hock 4.7.8
SUBGROUP If _ 1
. ' 18
Reslstance To Bolder Heat 4.7.9
Molsiure Resistance 4.7.114
SUBGROUP (]}
24
Life (2000 hrs. #+1260C) 4.7.14
SUBQROUP V.
0
Resis{ance to 8olvents 4.7.18 N/A -_—

(when applioable)

NOTE: Capxoltora furnished agalnst the appllozble spaolfioation and as represented by thia
feat data meet all requireamants.

-

Certitisd by:

8PRAGUE
QAR FOREMAN

** N/A to gold plated tarmlination finlshas.



SPRAGUE PQrP#x 37
CONCORD, NEW HAMPSHIRE [i// 7/16/92
; E {2/2/92

customer NaMe (hpelovs Eloclipniid Chp  OAT

3634 -/ 0
CUSTOMER ORDER #__ (,X[23 4000 LOT#/DATE CODE/Z / 230/ T

GUSTOMER PART # (10000 HH a2l kO 8PRAGUE M.0. _4S5397Y-03

AMOUNT BHIPPED /S
SUMMARY OF TEST DATA

MIL-C-663866C
GBOUP A INSPECTION DATA {(Walbull)
SUBGROUP 1 (100%) BEFE. AMOQUNT AMOUNT ALLOWED
PABA. IESTED EAILEDR EAILUBES
Walbull Lifs 4.7.17 100% F/R- , pool - N/A
JUBGQROQUP (]
DC Leakage 4.7.4 im_ o 0
Capacliance 4.7.8 Sampling 0 0
Dissipation Faotlor 4.7.6 . o 0
E8R (when applioable) 4.7.10 N 0 0 ‘
Mechanioal Exam 4.7.2 ]Z 9 Q
SUBGRQUP 1]}
(o]
Visual Exam . 4.7.2 _L 9
SUBQROUP |V I
8tabllily at Low & 4.7.12 13 0 0
High Temperature
ABGQROUP V
Boiderablilly <. : 4.7.16 13 0 0
GQBROUP ¢ INSPECTION DATA

SUBGROUP |
Vibratlon, High Frequenoy , 4.7.7 12
Th_crmul 8hook 4.7.8
SUBGQROUP |] 1

y 18
Reslstanoe To Bolder Heat 4.7.9
Molslure Reslstance 4.7.11
SBUBGROUP {[] 04
Life (2000 hrs. e+1260C) 4.7.14
SUBGROUP ¥V
Resistance to 8olventis 4.7.18 N/A 9

(when appiicables)

HOTE: Capacltors furnlshed againatl the applioable sapeoifioation and as representied by thla

tesl data meet &l requirementa. LR
OQertitied by \LLQ/A/XI’ \Z(}«GU,LQ/M

8PRAQUE
QAR FOREMAN

.o N/f\ lo gold plated termination finishas.

)



o
N
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SPRAQUE PQPrP# 37

CONCORD, NEW HAMPSH|RE / 7716792
- DATE 3 f"/?.f) /
LOT#/DATE CODELRS P73~/ /2 30P 7

CUSTOMER NAME /

CUBTOMER ORDER # - _gx/234/5400
CUSTOMER PART # L2l Fal 4ot 8PRAGUE M.0. A5 3 @ 7¢/p.2
L . AMOUNT 8HIPPED /T

SUMMARY OF TEST DATA
MIL-C-56385C

GRQUP A INSPECTION DATA (Walhyll} (. -
SUBGROUP | (100%) BEE, AMOUNT AMQUNT ALLOWED
PABA., IESTED EAILED EAILURES
Welbull Lifa 4.7.17 100% F/R= "mez . N/A
SUBGQROUP 1] : - -
DC Leakage T 4.7.4 PPM 0 0
Capaocllance 4.7.8 Sampling 0 0
Disslpalion Faolor " 4.7.0 | o 0
E8R (when applioable) : 4.7.10 0 0 ,
Meohanioal Exam 4.7.2 0 Q .
SUBGROYP 1]
13 (0]
Visual Exam 4.7.2 _ 9
SUBGROUP 1V - /
8labllity af Low & 4.7.12 13 Y 0 '
High Temperature
SUEGROUP v
Bolderablilly «e : 4.7.160 13 0 2
QROUP C INSPECTION DATA
SUBGROUP |
Yibratlion, High Frequenoy), 4.7.7 12
Thvcrmnl 8hook 4.7.8
SUBGROUP {J 1
Rcalatxn_bo To 8older Hoat 4.7.9 18
Molsiure Reslstance 4.7.11
24
Life (2000 hrs. ¢+1260G) 4.7.14
SUBGROUP v
4.7.18 N/A o

Reslstance to Bolvents
(when applioable)

HOTE: Capsoltora furnlshed sgalnat the appllioable apaolfioation and za repressnted by this

leal datx meat ajl requiramenta, c .
Qartified by, Ul,(,a/uu’ WWM

! BPRAGQUE
** N/A 1o gold plated tarmination finlshas. QAR FOREMAN
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SPRAGUE PQPx 37

CONCORD, NEW HAMPSHIRE = 7716792
- DATE _ 3/f/é5 /
LOT#/DATE CODEKSFZ 3~ /23097

CUSTOMER NAME %

CUSTOMER ORDER #__gX/23¢/4 000 .
CUSTOMER PART # oIl it s i, SPRAGUE MO, A5 3?7502

AMOUNT S8HIPPED 75
SUMMARY OF TEST DATA
MIL-C-56365C

C
SUBGROUP | (100%) BEE, AMOUNT AMD_U_EII ALLOWED
Yelbull LIf . B
elbu a ]
7. 100% _F/R~ . ogm¢ - NIA
SUBGROUP ] frar 2R o
DC Leskage : 4.7.4 _PPM 0 i 0
Capaollance 4.7.5 Sampling o ¢ 0
Disalpalion Fagfor 4.7.6 Y 0
EBR (when applioable) 4.7.10 o 0 ’
Mechanloa! Exam 4.7.2 },z‘ 0 Q
SUBGBOUP (1)
13 (0]
Visual Exam 4.7.2 0
SUBQBQUP 1V . I
Blabllity al Low & 4712 13 0 0
High Temperature
SUBQRQUP v
8olderadbllity «- .- 4.7.16 13 0 0
GBQUP ¢ INSPECTION DATA
SUBGROUP | .
Yibratlon, High Frequenoy, 4.7.7 12
Th'crmnl 8hook 4.7.8
SUBQBOUP | . 1
. 18
Reslslanoa To 8older Haat - 4.7.9
Mols{urs Reslstanoe 4.7.11
SUBARQUP 11 ' 24
Life (2000 hrs. ¢+1260C) 4.7.14 _—
SUBGROUP V¥
4.7.18 N/A 0

Reslsiance {o Bolvants
(when applioable)

HOTE; Capaoltora furnished sgalnat the applioable speolflostion and aa representsd by thla

last datx meat al} raquirements, c .
Oartiflad by, \L(,GZ/MJ’ WWM

! ’ B8PRAQUE
** N/A to gold plated termination finishes. QAR FOREMAN




SPRAGUE Parx 37

CONCORD, N WHAMPBHIRE 7/16/92
CUSTOMER NAME % DATE _/— 22-93
, G307

A 3/6/-/
CUBTOMER ORDER #_¢x /2 39/9/00/ LOT#/DATE CODE
< 8PRAQUE M.o. _ A 5397702

CUSTOMER PART #% AMOUNT BHIPPED 97@

SUMMARY OF TEST DATA
MIL-C-55385C

Q.
WL(]_QQ_&) BEE., AMOQUNT AMQUNT ALLOWED
PABA. IESTED EAILED EAILURES

SUBGRQUP {1
DC Leakage 4.7.4 _PPM 0 0
Capaaitsnoe 4.7.8 Sampling 0 0
Dissipalion Factor 4.7.6 0 0
ESR (when applloable) 4.7.10 0 0 ,
Mechanioca! Exam 4.7.2 ;.[l o Q
QUBGRQUP |]]

13 0
Visua] Exam 4.7.2 _— 0
SUBQRQUP |y I
8tabilily at Low & 4.7.12 L 0 0
High Temperature
SUBGROUP v
Salderabllity «e . 4.7.16 13 S R 0

GROUP ¢ INSPECTION DATA

Yibration, High Frequenoy, 4.7.7 12
Thermal 8hook 4.7.8
SUBGRQUP jj 1

18
Resistance To Soider Heaat 4.7.9 -_— _— —_
Molsture Reslstance 4.7.11 —_— —_
2UBGROUP 1 24
Lite (2000 hrs. e+12600C) 4.7.14 B ——

N/ 0
Resistanoce {o 8olvents 4.7.18 A

(when applioable)

lect dats meet aj] rfequiremants.

C;artlfl-d by K},(,Q,Mj Vﬂ%@ﬂ(ﬂ)

BPRAQUE
QAR FOREMAN

“* N/A to gold plated termination finishes.

)



SPRAGUE PQP#£ 37
CONCORD, NEW HAMPSBHIRE 7/16/02

CUSTOMER NAME y ¢ LD pirg. — DATE [~ R/~23

‘ A3~/ /93927
CUSTOMER ORDER #& o0 LOT#/DATE CODE, )
LXI237 00/ BPRAQUE M.0. /2453297, /

CUSTOMER PART # -
. ClrBOLTHIICAKC. AMOUNT 8HIPPED 220
SUMMARY OF TEST DATA
MIL-C-66386C
QROUP A INSPEGTION DATA (Walhuli) c
SUBGROUP | (100%) BEF, AMOQUNT AMQm_{I ALLOWED

SUBGROUP |J
DC Leakage 4.7.4 PPM 0 9)
Capaollanoce 4.7.8 Sampling 0 0
Dissipation Faolor 4.7.6 0 o . .
EBR (when applloable) 4.7.10 o 0 '
Meohanloal Exam 4.7.2 0 0
SUBGROUP {1J
13 (8]
Visual Exam .4.7.2 9
SUBGRQUP |V /
8labllity at Low & 4.7.12 13 0 0
High Temperature
" UBGRQUP V
8olderablilly «o . 4.7.16 13 0 o
GRQUP C INSPECTION DATA
SUBGRQUP |
Yibrallon, High Frequenoy, 4.7.7 12
Th_crmnl 8hook 4.7.8
SUBQRQUP | 1
- 18
Reslslanoce To Bolder Heat 4.7.9
Holslure Reslstance 4.7.11
SUBGQROUP (1]
24
Life (2000 hrs. e+12800) 4.7.14
SUBGROUP Vv
0
Reslslanoe o 8olvanis 4.7.18 N/A

(when applloable)
HOTE: Cxapaoltors furnished agalnat the applioable spaoiffoatlon and as rn.prncnlcd by thia

featl dz2f{a meet xi} fequiramants. ~‘ .
Osrtifled br- \L(,a,uu WM@WJ)

8PRAGUE
QAR FOREMAN

* N/A 1o gold plaled termination finishes.
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@D SPRAGUE™ 27275 155

mnauam m_moﬁ.:o Co..
70 Pembroke Rd.
Concord, NH 03301

“PackSp

0089086

-

CUSTOMER PO I SALES ORDER #

SHIP DATF 01/92/93

4193441001 AE1927 112 N

S o _ R S
O - CAPSTONE ELECTROMICS CORF H CAPSTONE ELECTRONICS CORP
L o _ T
D 25 HUB DRIVE . |P DISTRIBUTION WAREHOUSE
T MELVILLE, NY 11747 T COCK 2
o .. O . L

3254 FRASER STREET

AURDRA, CO 80011 . -7 o

il |
CARTONS WEIGHT CHARGES R CUSTOMER PART
. EERC N Fikri o
SHIP SW&? TRACKER NO. : . _.m_um>OCm PART B
i 1 _ CWR06IHEB5KE .

QN -QEPERER L, gery;cB Y SHIPPED

200 200

REF: QUOTE #aB1l77
C OF C CERTS REQUIRED

B L e N Tl R Y] =

QTY, BACKORD. - _
1940695X7020F8




SPRAGUE PQP# 37
CONCORD, NEW HAMPSHIRE 7716792

. DATE _ 1= 293

CUSTOMER NAME

LOT#/DATE CODEARTZ5—// 936/7~
CUSTOMER ORDER # 4o X/23%% 47/ ” 7
- BPRAGUE M.0. /539 79p(

CUSTOMER PART # 7, on  TH2J/ K0 AMOUNT 8HIPPED /2

SUMMARY OF TEST DATA
MiL-C-556385C
GQBOUP A INSPECTION DATA (Welhull) ¢

SUBGROUP | (100%) BEEF. AMOUNT AMQUNT ALLOWED
PABA, IESJTEDR FAILED EAILUBES
Welbull Life 1.7.47 100% F/R« . OGO“[ -« N/A
SUBGROUP |J
DC Leakage 4.7.4 &. 0 0
Capaoclianoa 4.7.8 Sampling 0 0
Disslpalion Faotlor 4.7.6 - 29 o
EBR (when applloable) 4.7.10 0 0 ,
Meohanles! Exam 4£.7.2 2 o Q
SUBQROUP 1] '
13 0
Visual Exam (472 _— Q
SUBGRQUP 1V !
8labliity 2t Low a 4.7.12 13 0 0
High Temperature
SUBGROYP V
Solderabliity e . 4.7.36 13 0 0
GROUP C INSPECTION DATA
SUBGROUP |
Yibratlon, High Frequenoy, ’ 4.7.7 12
Thermal 8hook 4.7.8 )
SUBGROUP I} 1
. 18
Resfstance To Bolder Hoat 4.7.9
Molslure Reslslanoe 4.7.11
SUBGQROUP 1I{
24
Life (2000 hrs. ¢+1250C) 4.7.14
Reslslanoe {0 Bolvents 4.7.18 N/A 0

(when applloabls)

HOTE: Capacltors furnlshed a2gainst the appiloxble speaoifioation and as rc-prcnnlcd by thia
teal dain mest !l requiramenta. ’

Oertified by:

8PRAGUE
QAR FOREMANX

** N/A 1o goild plaled terminatlion finlshes.
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SPRAGUE P(BPGI/ 37
CONCORD, NEW HAMPBHIRE 7/18/92
/~29-93

CUSTOMER NAME 7 DATE

LOT#/DATE cODE A 357/-/ /%305 i/

CUSTOMER ORDER #_4X/2 34/00/ _
X2 8PRAQUE M.0. _A539 7703

CUSTOMER PART W2 /AT i AMOUNT SHIPPED __ AR5

SUMMARY OF TEST DATA
MIL-C-56366C

MBQBQQLL(JD_Q_&) BEFE, AMQUNT AMOQUNT ALLOWED

PABRA, IESTED EAILED FAILURES
Walbull Lifa 4.7.17 100% F/R' - 227 .. N/A
SUBAQROUP ] T -
DC Leakage 4.7.4 _PPM 0 0
Capaolianae 4.7.5 Sampling 0 0
Disslipation Faotlor 4.7.0 - 9° 0
EBR (when applicable) 4.7.10 0 0 ,
Meohanloa! Exam 4.7.2 0 Q
SUBQRQUP |1}

13 0
Visual Exam 4.7.2 g
SUBGROUP v I
8tabllity at Low & 4.7.12 13 o 0
High Temperatura
SUBGRQUP vV
8alderabllity e . 4.7.16 13 0 0
48QUpP ¢ INSPECTION DATA
SUBGQROUP |
Vibratlon, High Frequenoy, 4.7.7 12 —_ —_—
Th‘crmll 8hook 4.7.8 —_—
SUBGROUP || 1
: 18
Reslstance To 8older Heat 4.7.9 _—
Molsiure Reslstange 4.7.11 _
24

Life (2000 hrs. ¢+1280C) 4.7.14
SUBQROUP Vv
Reslslanoce {o 8olvents 4.7.18 /A —_— 0

(when applioable)
NOTE: Capazoltora furnlshed sgainat the applloable speoclflostion and as fepresented by thias

leat data meet all faquiremants, * .
Oertitied by: KL(.GM/UI &7,041/(,(,6(//7(4)

8PRAGQUE
QAR FOREMAN

** N/A to gold plated termination flnlshes.

)
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. ' SPRAGUE %/ };(31?:/ s7
) CONCORD, NEW HAMPBHIRE . 82
W(PP/J DATE /‘?/%
CUSTOMER NAME ’ 0h &P

- - U
CUBTOMER ORDER #. 4X /23,02 LOT#/DATE CODE AS077-/ [/ 7305

CUSTOMER PART # 0 2/ it b 8PRAQUE M.0. /53 77502
' : AMOUNT 8HIPPED K70
SUMMARY OF TEST DATA
MIL-C-563856C s
QRQUP A INSPEGTION DATA (walbuild C

SURGROUP | (100%) BEE, AMOQUNT AMQUNT ALLOWED
Welbull Lifa : _ £4.7.17 100% F/R- .00/ - N/A
- Hi
DC Leakage - - 4.7.4 ﬁ. . 0“‘._ 0
Capsaollance ~ 4.7.6 Sampling 0 0
Dissipallon Faolor T 4.7.8 S B 9 Q
ESR (when applloabla) _ 4.7.10 9 0 .
Meohanloal Exam 4.7.2 A o Q
SUBGRQUP fi]
13 0
Visual Exam : 4.7.2 R — 9
JUBQGRQUP 1V |
8labllily al Low & 4.7.12 13 0 : 0
Hlgh Temperalure
SUBQROUP V
Soldarablliity -« - 4.7.36 13 o o
GROUP C INSPECTION DATA
SUBGROUP |
Yibratlon, High Frequenoy, 4.7.7 12
Th‘crmal 8hook 4.7.8
SUBGROUP 1J 1
~ y 18
Reslslanoe To 8Solder Haal 4.7.8
Molslure Reslstanae 4.7.11
SUBGROUP 111
24

Life (2000 hrs. e+1250C) 4.7.14
SUBGHRQUP VY

4.7.18 N/A c

Reslslanoe {o Bolvenis
(when applloable)

HOTE: Cxpaoltors furnished 2gainat the applioable speacifioation and as represented by this
leatl dalx meet x!] requirementa.

Osrtitied by:

BPRAGUE
QAR FOREMAH

** N/A lo gold plaled terminallon finlshas.



25 793 11:46 CALCAPIBEZE2EZT2

A G

CALIFORNIA CAPACITOR, INC.

" CERTIFICATE OF COMCLTANCE

DATE: 1/25/93
PURCEASER! "LAWRENCE LIVERMORE LABS
ORDER €: B231974
ITEM: #2 500pcs. CDR32BX333AKUS

#4 500PCs. CDR3I2BX103BRUS
THIS IS8 TO CERTIFY THAT THE MATERTIALS, PROCESSRES aND
FINISHED PARTS USED IN THE MANUFACTURE OF THESE ITEMS
WERE CONTROLLED AND TESTED IN ACCORDANCE WITH TEE
APPLICABLE SPECIFICATIONS.

OBJECTIVE QUALITY EVIDENCE AND SUBSTANTIATIVE TEST DATA
IS ON FILE FOR EXAMINATION UPON REQUEST.

‘TIMOTHY D. BILYK
‘-/ - %'/ ZA 5%

—_— . c— -

Poet-it™ brand fax transmittal memo 7574 [#otpacess |

::Y-\“X\e\\\ mm/( RAd)
. = cae

NV 14983 205 000
©ro0Y 27 U™ ( Q) 360057

Dept,

1579 Centre Pointe Drive « Milpitas. CA 95035-6834 . (408) 262.6000



SENT BY:Xerox Telecopier 7020 ; 1-22-83 ; 8:56AH ; - 510423498634 5
CALIFORNIA CAPACITOR, INC.

A 1579 Centse Pointe Drive @ Mipitas, CA 950356834
. \CAP (oo 2o

CUSTOMER P/O NUMBER iNVO MSER

nGLean-G:

»

T
N MR
-

-
-

SHIP TO
' 1

BILLTO
LAWRENCE LIVERMORE LABS TTrabREN.ST LIVEFONGTIE LASS
PO BGX 5401 /ACCT. DEPT. SO06 FAST avi RLTY DEPT
LIYERMORF, CA. LIVERNOBF, 4. <3559
E_ 946650 L ]
COMPLETE PARTIAL] X pHONE: 5104221100 EXT.: BUYER: KAY MINKLER
/h\\_‘ ~
AREA  |CUSTOMER CODE [SALESMAN NVOICE DATE FOR. HIPPED VIA X S
413 A23999 ATB 81/13/93 SHIP/ FEE—XPRIOSTITV—2 C2S
4 AVY [ CDR32BX163BKUS . & 599
-G1UF ooV

DXAZ PRIORITY RATING
CONTRACTH#W~7405~-ENG-~4

SPECIFICAFION INFORMATION:
*PKE.MUET NOT BE OPENED BY LLNL|REC. CUNITENTS Wiibk

‘--- e o -

Seo

1
TOTAL UNITS SHIPPED:

ALL CLAIMS MUST BE MADE IN WRITING WITHIN FIVE DAYS AFTER RECEIPT OF GOODS
RETURN NO GOODS WITHOUT OUR PREVIOUS WRITTEN AUTHORIZATION

- PACKING SLIP '

.qé's,sn_-'sup/acao, YELLOW - PACKING SLIP, WHITE - SALES

REC'D,

-3
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L’/_j 100 MIDLAND AVE. * PORTCHESTER, NY 10573
PH: (914) 937-7400

COMPONENTS, Inc.

military distribution spedialists

= rtiﬁcate of Conformance

and Procurement Traceability

TTENTION: QUALITY ASSURANCE DEPARTMENT DATE
CUSTOMER NAME AND ADDRESS MANUFACTURER ASSEMBLY CODE
KEHE
(=¥
PART NUMBER MIL SPEC UM QUANTITY MIL-S-19500
s
Er et TOREZRPSTY T BT
CUSTOMER PURCHASE ORDER # £ .
CERTIFICATION TYPE D PER MIL-S-19500 D MILR COMMERCIAL
LR D PER MIL-M-38510 D PER MIL STD 883 [:] MILC
DATE CODE G HESES PRI
LT Ao : B
RETEST |
EXPIRATION ]

The undersigned certifies that all articles included in each shipment under
the above purchase order are in accordance with said purchase order and with all
requirements, specifications and drawings referenced therein; and that records of
inspection and test providing objective evidence of the foregoing are on file at this
facility, or at the manufacturer's plant, and are available upon request. Certification

that this shipment is a part of the shipment covered by the manufacturer’'s
documentation. ‘ .

WHEN CHECKED MANUFACTURER'S CERTIFICATE ATTACHED

;// ) 'AUTHORIZED QUALITY ASSURANCE INSPECTOR ) .

NOTICE REGARDING RETURN ACCEPTANCE OF MATERIAL.

ZEUS cannot accept the return of this lot or any part of this lot which does not include the ori

ginal or copies of this and other
documents supplied with this shipment.

BEV E2£.20-89



®

KEMET ELECTRONICS CORPORATYION

HIGHWAY 385 8. E. _ &43:3:56;2;525/,447 //

GREENVILLE, SOUTH CAROLINA 29606

803/963-6300 - FAX: BO3/943~4322 - TELEX: 5704986 — TuX: 810/287-253¢

ADDRESS REPLY TO:
P. Q..BOX 5928
BREENVILLE, 8. C. 29606

i CERTIFICATE OF COMPLIANCE !

TO : ZEUS SEMICAP, INC.
REF: PURCHASE ORDER NUMBER: 749137
UE HEREBY .CERTIFY THAT THE CAPACITORS SUFPLIED TO THE ABOVE NAMED °

COMPANY ABGAINST THE REFERENCED PURCHASE ORIER WERE MANUFACTURED IN
ACCORDANCE WITH THAT PURCHASE ORDER AND ALL APPLICABLE DOCUNENTS.

KEMET PART NUMBER: Ci208NA7031BRH7S04

CUSTO“E§ PART NUMBER (IF APPLICARLEY: C12058N470JIGRHZS06
DATEZLOT CODE(SY:

jILiTéRY PQR% NUMBER (IF APPLICABLE): CDR3IBPAZORIUR
MILITARY INSPECTION LOT NUMBER{(S) (IF APPLICABLE): §§L3ZL//
TOTal GUANTITY SHIPPEDR 150

INVOICE NUMBER: S3U0565 1

DEVIATION(S Y /YAIVER(SY (IF APPLICARLEY

CERTIFIED BY: g4 4@7/77;%/3/ -/A3-27F

KEMET OUALITSY CONTROL,/DATE

75068 (10/16/91)



215832

Certifirate of Compliance

TO:J]nivprQi't'y of California

" _Lawrence Liveymore Lab

_7000 East Ave,

Livermore, CA 94550
Date_10-0-92.

It is hereby certified that the products (Model numbers listed below) supplied
to_Lawrence Livermore Lab on Purchase Order No, B227575 |,

are in conformancc with al your purchase order requirements, including applicable
government, your or other specifications and drawings, to the extent specified.

The required test and/or inspection reports resulting from compliance with applicable
purchase order requirements are on file and available for review by your representative or
government inspectors at any reasonable time.

ANALOG DEVICES, INC.

Aot

dlvcfnzed Signature
And w Spisak/ Office Manager

{97 pc) Refclcs

ANALOG DEVICES, INC.

ROUTE 1 INDUSTRIAL PARK @ NORWOQD, MASSACHUSETTS 02062 ¢ TEL: 617/328-4700



Certifirate of Compliance

To: _llniwversity of California

fawrence. Liutoymare ILab

7000 East Ave.

Livermore, CA 94550
Date_10-0-92.-

It is hereby certified that the products (Madel numbers listed below} supplied

to_Lawrence Livermore Lab on Purchase Order No._ B227575 _,

are in conformance with all your purchase order requirements, including applicsble
' government, your or other specifications and drawings, to the extent specified.

The required test and/or inspection reports resulting from compliance with applicable
purchase order requirements are on file and available for review by your representative or
government inspectors at any reaspnable time.

ANALOG DEVICES, INC.

. =
Aéﬁé!rized Signature
Andrégvw Spisak/ Office Manacer

ANALOG DEVICES, INC.

RCU™E 1 INDUSTRIAL PARK ¢ NORWOOD, MASSACHUSETTS 02062 ® TEL: £€17/3279-4700

38z




Certifirate of Compliance

To: Iniwversity of California

_Lawrence Lisrormare Lah

7000 _Fast Ave.

Livermore, CA 94550 Date_10-9-92
a —a-g7.

It is hereby certified that the products {Madei numbers listed below)} supplied
to_Lawrence Livermore Lab on Purchase Order No,_B227575 )
are in conformance with aH your purchasc order requirements, including applicable

government, your or other specifications and drawings, 10 the extent specified.

The required test and/or inspection reports resulting from compliance with applicable
purchase order requirements are on file and available for review by your representative or
government inspectors at any reasponable time.

ANALOG DEVICES, INC.

ALt

thcfrxzed Signature
Andrdw bplsalf/ Office Manager

G
~1
|(J
@]
@
h
9]
[
9]
w

ANALOG DEVICES, INC.

RCOU™E 1 INDUSTRIAL PAARK ¢ NORWOOD, MASSACHUSETTS 02062 ® TEL: €17/379-4700




IvViin-=~LonN
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Q 0011
B _ ACCEPTANCE DATA
" CUSTOMER P.0.f_ B24;365 M.E.C. JOBf _ 30/093
CUSTOMER PART M.E.C. PART # mg3513/0L- GOLN
LOT SIZE 32pcs DATE CODE OR 10T # 330§
1
SAMPLE INSP.
CHARACTERISTIC SIZE PASY TFAIL BY NOTES
AQL i
VISUAL 1.0 )3 o 15
AQL
DIMENSIONAL 1.0 | 13| 0
AQL o 100 V. D. C.
INSULATION RES. 1.0 |13 5000 MEG
AQL
D.W.V. to |13 10 600/500 VRMS
CONTACT RESISTANCE é;?, |13 o
) MATING/UNMATING FGRCES ég (3 o 31 L3S. 1y 0ZS MAX.

DATE.  9-£5-93




Mm-g-caﬁ

Q o011
ACCEPTANCE DATA
CUSTOMER P.0.#_ B 2319 2./ M.E.C. JOBY_ 2 | o n 70
CUSTOMER PART # — M.E.C. PART # MR 38/3 /0ty ~Gobn
/ ¥ L4
' Cat
LOT STZE 30 Peg DATE CODE OR LOT # 924L~5
SAMPLE INSP.
CHLRACTERISTIC SIZE | PASY FaTIl “BY NOTES
AQL N
VTSHAT 10 | 3] o @
_ AQL
DIMENSTONAL 1.0 13| e
AQL G 100 V. D. c.
INSULATION RES. 10 | 2] 0 V3 | 5000 g
f AQL ERE. )
P oooelv, 1.0 7 600,900 VRMS
: y . Vet
CONTACT RESISTANCE 22113 ] e 7%
1.0 Ve ; .
MATING/UNMATING FORCES < 4 13 o 7% 31 iss. | L{ 0ZS MaX.

DLTE. ) )-/£-99
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PENSITOLK, IRC.
$26 NERCURY ©iklwvs
sunpYvVALE . A QROEG--AG1 =
e AOE 730 -0 300 PAR: AN Sy A

UPS SHIPPER 4 CA 9-55-14d&

SHIP VIA: UWPh

PACK DATE CUSTONER POYH
24901 09-1%--92 BE229231
'——) Sce comments
below.

IP 70:  UCLLNL

7000 EAST AVENUE
LIVERKORE CA 94559

LN 3

order referenced belou nas been manufaclured. tested, andjor inspected 1n
accordance vith the requiresents of the applicable specifications.

fo melallic acrcury cozpounds are used in the proress of in the parts
furnished herein. Inspections andfor tests have been perforaed as
applicable. on both a varieble and 60-K0-60 basis, utilizing equipaent in
accordance vith the requiresents of 3I-STD-45662.

Documentary evidence in the form of fest andlor\fnspection reports are

on file and are available upon request. o, Lﬂc

Quality Representative

BILL TO: UNIV. CAL. LAWRENCE NAT.

P. 0. BOX 5801
LIVERKORE CA 94556

OATE: 0V9-14--%7 J0: ULLLN- 2 JHEIGE :

€ B8IH PART NUGEER .

(LLLraaa

con

3

! s R
Con

BOIGS CLECS21A¢

]

ac\caje most not be opencd by

deceiv) nj

tL,

QUTEIDE : REZ uE]GH'I‘:.ﬁ_q_“_%_ Page 1 of
AP din Gix_SHIPPED
1547 %6 $A N

150675 EA ™~ 50

L N~NC

3+a+ig SG‘F;SQ*,L)'\/C_ plfoc].uc‘l*s EV)C,ZOSQC/

DISCREPANCIES MUST EF SEZORTED LITHIN & DAYS.

’Re‘)UfSﬁFw}” \/eVI‘T/'\Lj Q// (or\f‘cn%‘j

¥
¥
7



&' THOMSON COMPONENTS AND TUBES CORPORATION
THOMSON MILITARY AND SPACE COMPONENTS DIVISION

40G Commerce Way

Post Office Box 54C
Totowa, New Jersey 07511
Tetephone 201 812-8000

FAX 201-812-9050
CERTIFICATE OF CONFORMANRCE
—QSC2—
TO:_LLNL DATE: 10-13-92

7900 EAST AVE, LIVERMORE, CA 94550

(CUSTOMER'’S NAME AND ADDRESS)
CUSTOMER P/O: B228341

TETD ORDER CONFIRMATION: CCD1038

SHIPPING DOCUMENT: 210102247

DEVICE TYPE: TH7990C

1LOT SIZE: SHIPPED QUANTITY: 20

LCT NUMBER:

DATE CCDE: REINSPECTION DATE:

GENERIC SPECIFICATION: 1988 CCD DATABOOK REV: :
DETAIL SPECIFICATION: REV:

SCREENING CLASS:

REMARKS::
OLD PART NUMBER : THX33501

THE UNDERSIGNED CERTIFY THAT THE PARTS LISTED UNDER YOUR
PURCHASE ORDER SHOWN ABOVE ARE PART OF THE SHIPMENT COVERED
BY THE MANUFACTURER‘S CERTIFICATION ATTACHED, THEAT ALL
PRODUCTS ARE AS DESCRIBED ON THE CERTIFICATE, AND THAT
PRODUCTS HAVE BEEN HANDLED IN ACCORDANCE WITH JEDEC
PUBLITATICN 108 & 109 WHEN IN POSSESSICN OF AROVE

VENDOR.
DATE ESD INSPECTOR MILITARY APPROVAL
s (WHEN REQUESTED)
10-14-92 S AV "3

—

HCTE: WHEN REFERRING TO THESE PARTICULAR DEVICES, PLEASE
MENTION THE FOLLOWING INSPECTION NUMBER:
2D10034/21.102247 .

Tt TNOIMITLD . NDSRT 0Sns T TDMT 0 R3:160 No--1i-CRET




4

/N THOMSON COMPONENTS AND TUBES CORPORATION
THOMSON MILITARY AND SPACE COMPONENTS DIVISION

40G Commerce Way

Post Office Box 540
Totowa, New Jersey 07511
Telephone 201 812-8000

FAX 201-812-9350
CERTIFICATE OF CONFORMANCE
—QSC2~
TO: _LLNL DATE: 10-13-92

7000 EAST AVE, LIVERMORE, CA 94550

(CUSTOMER'S NAME AND ADDRESS)
CUSTOMER P/O: B228341

TETD ORDER CONFIRMATION: CCD1038

SHIPPING DOCUMENT: 21,0102247

DEVICE TYPE: TH7990C

LOT SIZE: SHIPPED QUANTITY: 20
LOT NUMBER: —

DATE CODE: REINSPECTION DATE:

GENERIC SPECIFICATION: _1988 CCD DATABOOK REV:
DETAIL SPECIFICATION: REV:

SCREENING CLASS:

REMARKS:
OLD PART NUMBER : THX33501

THE UNDERSIGNED CERTIFY THAT THE PARTS LISTED UNDER YOUR
PURCHASE ORDER SHOWN ABOVE ARE PART OF THE SHIPMENT COVERED
3Y THE MANUFACTURER’S CERTIFICATION ATTACHED, TEAT ALL
PRODUCTS ARE AS DESCRIBED ON THE CERTIFICATE, AND THAT
PRODUCTS HAVE BEEN HANWDLED IN ACCORDANCE WITH JEDEC
PUBLICATICN 108 & 106 WHEN IN POSSESSIGN OF AROVE

VENDOR.

DATE ESD INSPECTTOR MILITARY APPROVEL
oy {(WHEN REQUESTED)

10-14-92 S AV “3
A

NOTE: WHEN REFERRING TO THESE PARTICULAR DEViICES, PLEASE
MENTION THE FOLLOWING INSPECTION NUMBER:
2D10034/21.102247

1Rg
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Micro Power Systems

CERTIFICATE OF CONFORMANCE

0 AL L awnavec L—(V%W‘-QJM
Fooo Eald Al
L i ver nio~a_ %.94_@_{)

DATE: Q/QI 15, (49>

SALES ORDERNO: 3 £ £ ¢,
PURCHASE ORDERNO: D3390 £
CUSTOMER PARTNO: _ My F58 1y ATL 2

CUSTOMER DWG NO: LOT NO: 74 88DPLL ) -cp -
MPS PART NO: 77, Ptz ATl _ g3 QUANTITY: /)
COUNTRY OF ORIGIN: U CA DATE CODE: QR o 504

LAST ELECTRICAL TEST DATE: /D / G /9 2
Y A |

SELLER CERTIFIES THAT:

1. The parts furnished against this purchase order were produced in conformance
with all contractually applicable specifications.

2. Data taken to characterize the final product under the above purchase order is
available for examination by duly authorized personnel.

SELLER: MICRO POWER SYSTEMS, INC.

Jil
QUALITY REPRESENTATIVE: v«

TITLE: QA Specizelist

P.O. Box 34865, 312 Alired Street, Santa Clara 95094-0965
Telephone: (3CE; 727-5250 Fax: (408) 562-36805

Exhikit |1 SPECIFICATION NUMBER: QA-303, Rev. F, Page 1 cf 12



Micro Power Systems

CERTIFICATE OF CONFORMANCE

T0: (IO L asmuner—ce, L,}\/o/\f;\,vo'\&,[,q,@/.t
23000 ERA A’\}'ﬁ
L{ verpro NM— CA Qs ID

pwte:_ Lok -30, 1992

SALES ORDERNO: 2 @(, T,

PURCHASE ORDERNO: T 3290689
CUSTOMER PART NO:  p2 Fhfur ATL /883

CUSTOMER DWG NO: LOT NO: 74,8568 A (-3
MPS PART NO: 4,840 A = TL--F&3  QUANTITY: 50
COUNTRY OF ORIGIN:  /; S A DATE CODE: 28 922¢

LAST ELECTRICAL TEST DATE: /)% /42
S/ P

SELLER CERTIFIES THAT:

1. The parts furnished against this purchase order were produced in conformance -
with all contractually applicable specifications. .

" 2. Data taken to characterize the final product under the above purchase order is
available for examination by duly authorized personnel.

SELLER: MICRO POWER SYSTEMS, INC. )

QUALITY REPRESENTATIVE: M .

TITLE: QA Specialist

P.O. Box 54965, 3100 Alired Street, Santa Clara 95094-0965
Telephone: (408) 727-5350 Fax: (408) 562-3605

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

LS

e e




Vet A DO FUV PR

Q'4us 662 3605

DOCUMENT NUMBER:  RA-304

HICRO POWER SYS.

Hioo2

QUALIFICATION

Béod -TL--943

TEST DATA MANUFACTURING PRODUCT COpE
FLOW TRAVELER QA REPORT =+
REVIECN #{ Originator Date DATE:
0_jese? = S m LOT = 7c5p0048y-3
Micro Power Systems | DATE CODE: 2p922¢
TEST PER 883 CLASS 8 MS00S PAGE 1 OF 1
FLASH CONVERTERS GROUP A TEST DATA
CUSTOMER P.0. NUMBER
CUST P/N SALES ORDER
DRAWING = .
TESTS DEVICES SAMPLED ACC=1 IN YoUT |REy = PROC
s £ 1. 125°C (00 ' (epyieg) & | ro-032
STATIC TESTS
UB 2, +125°C 100 V705X MeXo] I TO0-032
STATIC TESTS "
SUBGRQUP 3, _55°¢C /00 (80} 1204 2 | t10-032
STATIC TESTS )
ROUP 7, + 100 ceyiprl £ | ro-032
FUNCTIONAL TESTS
TESTING COMPLETED AND APPROVED —
=08 A
Quality Assurance Date ||
STATIC SENSITIVE PRODUCT — OBSERVE PROCESS 6P-006 AT ALl TIMES
SPECIFICATION NYMBER:: 2R - BONIER (3 ¥

LONTIOLLED Do

"’-13?;

ALY s v B ove. ¢ - ..




Micro Power Systems

CERTIFICATE OF CONFORMANCE

10: AL WL: V%w%ﬂﬁ‘)"é/y
7000 Eaad AUt
Li ver nore_ CA. 9y g0

DATE: Q. /S, (59>
SALES ORDERNO: 2 P 5 7¢, '
PURCHASE ORDERNO: D339y ¢ £9

CUSTOMER PARTNO: MY 768y ATL /(B

CUSTOMER DWG NO: LOT NO: % EEOLL: ] e — ¢
MPS PARTNO: 27 Pl A-TL _ _¢33 QuUANTITY:  17)
COUNTRY OF ORIGIN: ~ // ( A DATE CODE: QR 9 504

LAST ELECTRICAL TEST DATE: /'D /o Jaa
L A /

SELLER CERTIFIES THAT:

1. The parts furnished against this purchase crder were produced in conformance
with all contractually applicable specifications.

2. Data taken to characterize the final product under the above purchase order is
available for examination by duly authorized personnel.

SELLER: MICRO POWER SYSTEMS, INC.

QUALITY REPRESENTATIVE: /1// e ,!Zgu«/(w'/\-

TITLE: QA Specialist

P.0. Box 54¢65, 3100 Alfred Street, Santa Clara 95094-0965
Telephone: {408) 727-5350 Fax: (473) 562-3605

Exhibit Il SPECIFICATION NUMBRER: QA-303, Rev. F, Page 1 ¢i 12




B2 AaIT
Micro Power Systems

CERTIFICATE OF CONFORMANCE

10 (AL L asuvenca L] voropeone (atbos
_H4000  EAT AVE -
L verpro M CA - qursD

oate:_Japt-30, 199>

SALES ORDER NO:  », gl@%
PURCHASE ORDERNO: ) 22906689

CUSTOMER PART NO: s a0 P01 ATL [&%3

CUSTOMER DWG NO: LOTNO: 24,886 8¢ A (-3
MPS PART NO: J080L A — TL- -F£3  QUANTITY: S50
COUNTRY OF ORIGIN:  /, C A DATECODE: 2B 920,

LAST ELECTRICAL TEST DATE: 7/)@7 / G
T N + ‘

[l et B B ot 2 ATV TIrTIreo Ty tAT.,

uced in conformance
W,
Cellei¥ o

o

-~

/e purchase order is
¢

2y

P.O. Box 54965, 3100 Alfred Street, Santa Clara 95094-0965
Telephone: (408) 7275350 Fax: (408) 562-3605

Exhibit 11 SPECIFICATION NUMBER: QA-303, Rev. F, Page 1 of 12



-~ ALLAMERIAN

a quality electronics distributor
16085 N.W. 52ND AVENUE, MIAMI, FLORIDA 33014-9317

CERTIFICATE OF CONFORMANCE

custoMerNaMe MNIN. CALTIF  LINEAmMCRE
AND ADDRESS. WINEAMSEE NATL LARs
1090 EAST aNEAUE , L ECEIVING
L\WEamoee CA 94550

ALL AMERICAN CERTIFIES THAT THE MATERIAL SUPPLIED ON YOUR PURCHASE ORDER

(7 b L’L 7 6 —7 ‘3 IS DESIGNED TO MEET SPECIFICATIONS PER:

1) O MIL-S-195001 : ' 2)0 MIL-M-38510 3) 0 MIL-STD-883

4) O DESC DRAWING NO - 5) @ COMMERCIAL
QUANTITY. 250

PARTNUMBER___ 1 C ¥+ -8 EoA

—

MANUFACTURER tEL
DATE CODE
DATESHIPPED__ 10~ — 97

INSPECTION DATE

ALL AMERICAN SEMICONDUCTOR CERTIFIES THAT ALL ARTICLES INCLUDED IN EACH SHIPMENT
UNDER THE ABOVE PURCHASE ORDER(S) ARE MANUFACTURED IN ACCORDANCE WITH ALL

MANUFACTURER'S AND/OR APPLICABLE MILITARY SPECIFICATIONS SO DESIGNATED ON SUBJECT
PURCHASE ORDER, AND FURTHER CERTIFIES THAT THIS SHIPMENT IS A PART OF THE SHIPMENT
COVERED BY THE MANUFACTURER'S DOCUMENTATION. TEST REPORTS FOR MATERIAL SUPPLIED ARE

ON FILE, AND ARE AVAILABLE FOR EXAMINATION AT THE POINT OF MANUFAGTURE.

AL L

QUALITY CONTROL DESIGNEE

MANUFACTURER'S CERTIFICATE ENCLOSED O



ALL AMERIAN’

a quality electronics distributor
16085 N.W. 52ND AVENUE, MIAMI, FLORIDA 33014-9317

CERTIFICATE OF CONFORMANCE

CUSTOMERNAME MNTIN. CALIF  LIVEAMURE
AND ADDRESS VIV ERYMOR E NRATL LARS
1000 EnsT AVENUE | LLECEINTANG
LINERMmoPRE, A Gys5D

ALL AMERICAN CERTIFIES THAT THE MATERIAL SUPPLIED ON YOUR PURCHASE ORDER

bbr21573 IS DESIGNED TO MEET SPECIFICATIONS PER:
1) O MIL-S-19500/ " 2) 0 MIL-M-38510 3) 0 MIL-STD-883
4) O DESC DRAWING NO 5) B-COMMERCIAL
Py
QUANTITY. 25¢

PARTNUMBER_1 & G4 2L-b EC A

MANUFACTURER eL
DATE CODE
DATE sHippED___ 16 ~ - T

INSPECTION DATE

ALL AMERICAN SEMICONDUCTOR CERTIFIES THAT ALL ARTICLES INCLUDED IN EACH SHIPMENT
UNDER THE ABOVE PURCHASE ORDER(S) ARE MANUFACTURED IN ACCORDANCE WITH ALL
MANUFACTURER'S AND/OR APPLICABLE MILITARY SPECIFICATIONS SO DESIGNATED ON SUBJECT
PURCHASE ORDER, AND FURTHER CERTIFIES THAT THIS SHIPMENT IS A PART OF THE SHIPMENT
COVERED BY THE MANUFACTURER'S DOCUMENTATION. TEST REPORTS FOR MATERIAL SUPPLIED ARE
ON FILE, AND ARE AVAILABLE FOR EXAMINATION AT THE POINT OF MANUFACTURE.

Aol

QUALITY CONTROL DESIGNEE

MANUFACTURER'S CERTIFICATE ENCLOSED O



PENSTOCK, INC. - This is to certify that the material furnished pursuant to the purchase

520 MERCURY DRIVE order referenced belov has been manufactured, tested; andfor inspected in
SUNNYVALE, CA 94086-4018 accordance with the requiresents of the applicable specifications. =
PH:408-730-03060  FAX:408-730-4782 Ko metallic mercury compounds are used in the process or in the parts
furnished herein. Inspections andfor tests have been perforzed as
UPS SHIPPER # CA 9-65-148 applicable, on both a variable and 60-HO-60 basis, utilizing equiprent in
accordance vith the requiresents of ¥I-STO-45662.
SHIP VIA: UPS Docuaentary evidence in the fora of test andfor Inspection reports are
on file and are available upon request. G_R’\ \O \o
PACKSLIP  PACK DATE CUSTOMER PO# \
PS324903 10-06-92 82238281 Quality Representative
SHIP T0: UCLLNL BILL TO: UNIV. CAL. LAWRENCE NAT.
7998 EAST AVENUE S P. 0. BOX 5861
LIVERMORE CA 94558 LIVERMORE CA 94558
JER DATE: 0S-18-92 I0: UCLLN-2 INSIDE: NCG OUTSIDE: NC2 NEIGHT:gA,Q\VJ}age_l of 1
LINE 8IN PART NUMBER APN u/M QTY SHIPPED

203 CLCSB2AJE 154710 EA 7~ 4
, com

OISCREPANCIES HUST BE REPORTED UWITHIN S DAYS.
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Electronic Test Procedure:
Actel Camera, PWA with Gain and Offset Control
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Actel Camera, PWA
with Gain and Offset Control
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REVIEWED BY: JOSEPH F. KORDAS
REVIEWED BY:

////"
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% Lawrence Livermore Actel Camera, PWA
National Laboratory with Gain and Offset Control

Electronic Test Procedure
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Revision 00




Table of Contents

I.
2.

)

10.

11.

Scope

Required Documents and Test Equipment
2.1 Required Documents

2.2 Required Test Equipment
Conditions and Requirements

3.1 Precautions

3.4  Cleanliness and Environment

3.5 Quality Assurance (QA) Provisions

.)

SUN Test Station Setup

Printed Wiring Assembly Specificity
5.1 Inspecuon

5.2 Power Plane Resistance Measurements

5.3 Power Plane Voltage Measurements

5.4 CCD Bias Voltage Measurements

5.5  Reference Voltage Measurements

5.6  Video Clamping Voltage Measurements

5.7  DC Steady State Current Measurements

5.8 Offset Digital-To-Analog ( D/A) Verification
5.9  Gain Selection Verification

Video Amplifier Gain Verifications
6.1  Test Board Configuration

6.2  HP4194 Analyzer Configuration and Connection.

6.3  Gain and 3dB Bandwith Acquisition.
Clocking Measurements (with CCD installed)

7.1 @L2, @L1

7.2  @L2, R, and GRFET
7.3  @P1, @P3

7.4  @P1, P2

7.5 OP1, @gP4

7.6 Pl1A,P3

7.7 PlA, P2

7.8 PIlA, P4

7.9 PlA,PIB

Double Correlated Sampling Functionality Verification
Analog to Digital (A/D) Converter
Video Interface Timing Confirmation

10.1 Logic Analyzer Setup

10.2 Txmme acquisitions

Dark Noise Measurement

tJ



Table of Contents cont.

14.

15.
16.

Thermal Test

12.1. Thermal Test Setp

12.2  Thermal Measurement Acquisition
12.3  Thermal Data and Graphs

Flat Field Linearity Test

13.1. Linearity Test Setup

13.2  Linearity Measurement Acquisition
13.3 Linearity Data Collection.

13.4 Linearity Data Processing

Offset Linearity Test

14.1. Offset Linearity Test Setup

14.2  Offset Linearity Measurement Acquisition
14.3  Offset Linearity Data and Graph

Laser Test

Tests Required after Conformal Coating

()



[SSI )

2.2

Scope.

This decumnent specifies equipment and procedures required to verify the electrical performance
of the ACTEL Camera Printed Wiring Assembly (LEA92-3128-02)in the swrtracker
configuration.

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

Section 16 describes those tests that are required after conformal coating.

Required Documents and Test Equipment.

Required Documents:

Actel Camera PWB Schematic, LEA92-3128-01-0C OR LEA92-3128-11-0C
Actel Camera PWB Assembly Drawing, LEA92-3128-03

SUN DatacubeTest Station

A _Short Guide to Running hspcube , C1-S1-002

Required Test Equipment:
SUN DatacubeTest Station

includes: Protomax Interface

S51/S2 Data Interface Power Supply, AIT EE-0090-10

Engineering TH7883 CCD for test purposes
Digital voltmeter such as Fluke model 77
AM 503 Current Probe (2ea) powered by a TMS02A Power Supply
Tekironix 2465B Analog Oscilloscope with P6106A probes (4ea)
Oscilloscope recording camera
Tektronix TDS540 Digital Oscilloscope
Hewlett Packard Desk Jet 500 Printer
HP 4194 Impedance Gain-Phase Analyzer, with probe and RG 58 cabling
Tektronix HC100 color plotter
Philips PM 3585, 200 MHz Logic Analyzer
TV Optoliner Model K-4000 (with neutral density (ND) filters) and Lamphead
HeNe Laser, ImW at 632.8nm (with ND filters)
Surface mount testing probes,
Tektronix 20-pin and 44-pin SMQK1 PLCC
Actel Camera board carrier mount, to prevent carrier/pc card flexing
PC board holder/clamp
Video Copier Processor Tektronix Model HC02
Environmental chamber
Timer
Black cloth or an opaque cover for the CCD
Packing Foam
Breakout Connector, 51 contact 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 quality assurance tagging and records stating such.



Conditions and Requirements

3.1

3.4

3.5

Precautions

(1) Responsibility for Safetv. All personnel are responsible for maintaining a safe
work environment. The Test Conductor or cognizant operator shall assure that
appropriate safe practces are implemented during these operations. and that operauons
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
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.

(3)Examine Connectors. Before mating any flight 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.

Cleanliness 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.

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
interfaces in implementing the QA provisions. ~

(1) QA 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 revision of this procedure is used, and that the required Certification Log is in
proper order. QA will 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

properly proof tested and tagged.

‘N



Quality Assurance (QA) Provisions (continuation)

(3) The QA Inspector may assist in assuring that the precautionary and ens ironmenial
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 10 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. All 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 (FRACAS). 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. I 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) If a test anomaly cannot be resolved as described above, the Project Engineer shall
be notified. If the action indicates that a rework or Tepair may be required, the anomaly
and troubleshooting results shall be noted in the Action Item List (AIL) portion of the
Certification Log, Fracus report and a Material Discrepancy Report (MDR) shall be
initiated (if required) 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.

6



3. SUN DatacubeTest Station

5.
5.1

The LLNL SUN Test Station layout looks like this:

‘ CAMERA TEST PAD
MONITOR PROTOMAX
SUN INTERFACE
PRINTER MONITOR
CAMERA
SUNKEYROARD PONER

SLPRY
NDFLTER

HCLDER
HeNe
X
{ceiling ionizer) OPTOUNER —_—

with FLASHHEAD

AND ND HOLDER
THERMAL
CHAMBER

The work station area must be electro-statically protected and approved.

A Short Guide to Running hspcube , C1-S1-002, by Ray Aley, Hye-Sook Park, and Eric
Parker explains the Sun3 Computer-Datacube workstation and the software imaging options
for the Startracker (S1), UV-Visible (S2), and Lidar (S4) modes.

Printed Wiring Assembly Specificity

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. NOTE!! The camera board should remain attached to the carrier mount until
ultimately bent and housed.!! ’

sNg_oH -0k Inspection completed By LR Date 5 /© / 72

initials
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Power Plane Resistance Measurements

Measure power plane resistances at J1. NOTE: NO cable attached!
pin# Vs pird? expscted measured Q2
DVM{common) DVM(signal)
5 (AGND) - 39 (+15VDC) >2MQ SM_ 0
- 4 (-15VDC) >2MQ 2.8M ¢
- 37 (+5VDC) =479Q Yl o
- 38 (+5VDC) =4790 476 0
- 3 (-5VDC) ~1.54kQ IS¥< o
. 40 (+5VIN) ~2.9kQ) 435K g
20 (DGND) - 5 =20 c-¥ 0
- 39 - >2MQ 2 -9YM o
. 37 ~468Q 475 o
- 38 ~468Q 476 0
- 3 ~1.5kQ RS
- 40 ~3KQ &¢.235K o
39 (+15VDC) - 4 >11KQ -5 g
. 37 >2MQ 3IM o
- 38 >2MQ 2-IM 0
- 3 >2MQ 2a.8M o
. 40 >2MQ 2.7M 9
4 (-15VDC) - 37 >2MQ 2.72M 9
- 38 >2MQ L7 0
- 3 >2MQ LM O
- 40 >2MQ 2. M o
37 (+5VDC) - 38 =30 o-4 0
3 ~2kQ 2K Q
- 40 >3KQ L-3AK o
3 (-5VDC) - 40 ~4.5kQ 539K o

Vo

fa™




5.3 Power Plane Voltage Measurements
Using a flight certified breakout connector. verify power voltages at camera connector before
anaching it to the camera board. Complete the table below, then turn off the power. Use J1-pin
20 for DVM ground. Usiva PSS, S/N
~J
51 Pin Breakout Cable J1 pin # Expected V Measured V
51 Pin Connector 51 Socket Connector
| g]] 39 +15V. +15 .18
MCE-51PSES MCE-518825
4 5 —
i ‘IDV —_— /O . l [
Probe points 37.38 +5VDC + S . ‘5

SV -5.30

40 +SVAIN  + & .

[t210eenef
U

E

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.

and indicated voltage points:

PRIMARY SIDE ’ SECONDARY SIDE
+5.0V _ —
Ul2pin16 —+5.C6 y +C10 +5.0by

U2spin 16  +5:.06
U2-pins 4, 9,
1516 +5.06 y

U26-pins 3, 14,
16,25,3575 .06y

U5-pin 22 +5.06 vy
U6-pin 16 +5.06 v
U7-pin 16 +5.06 vy

+5.0VA
+C11 +4'q7/v U32-pini4 +4.92

U8-pins 7,15,
182123 26 +Y4-9y

Ut-pin 7 +4.92. v
Uapin7  T4-92
D4-pin 2 +4.92 v



54

PRIMARY SIDE

-5.0VA _
-C12 -5zl y
Ut-pin 4 ~5- 21
U24-pinga =S .2)
Q1-pin 4 -5.2i v
Q4pins4  —S 'y
+15.0V

Q2-pin 3 +15.02y

Ut7-pin1  +15.¢8

Ut4-pin7  +15.02

-15.0V
U14-pin 4

CCD Bias Voltage Measurements

St+—  =0v _Vss
S2 & S4— =-3.0v_Vss
U19-pins 1, 10
andi7 ©O.0

St— =1.5v_Vgs
S2 &S4— 2.

=2.5v_Vqgs
Ut9-pin20 LEH4S- v
/.Sy &SRO

=13.0v_Vdr
Utg-pin18 +13.16v

=15.0v_Vdd
U19-pins 5, —
andis t13.9

SECONDARY SIDE

+C9
U18-pin 1
U27-pin 8
U3-pin 8

D3-pin 2

-C52

U3-pin 4
U27-pin 4

U3-pin 1

U3-pin 7

Qgpind T Iy

Q10-pin 4

Qit-pina "5 21 v

+H5 ol
+/5.67y
F/5.62
+/5.03 |,
F15.62

~15.17
—1517
“/5/7v

§)
Q
<

+13./6 y

10



5.5

5.6

PRIMARY SIDE | SECONDARY SIDE

Reference Voltage Measurements

10.0V_ref D3-pin 6
0.1V_DARK REF +C93
U27-pin 3

10.7VA clocking ref (GL1, @R, @GRFET)

Ui7-pin3 +IC.T8 v
Uti-ping  +10.18
Uso-pine  +10-78

7VB_clocking ret (P P

~+1¢.00
o sl
. e oftor- RI2E ivistalles
'\"C.O??v Chee = /:,_;_>>
- . / .
7 . -

+ c.099, ! " i 0
-/ a ‘:/, » /3

U18-pin 3 +10.63,
U9-pin 6 +/0.63 v
U10pine  F19.63 v
U22-pin 6 */0.63 v
U23-pin 6 +10.63 y
Analog to digital (A/D) converter reference voltages:
=2,5V A/D ref
U27-pin5 +t2-Y76
expected volts measured volts
U8-pin 6 ~0.620v +0.618y
U8-pin 22 ~1.245v +1.296 v
U8-pin 9 ~1.875v +1-876 v
Us-pin 17 =2500v +2.%78v
Video Clamping Voltage Measurements
expected volts 2 measured volts
U1-pin 8 200 3.5 LR +3.495
U24-pin 8 =3.5v +3.95
U1-pin 5 =-1.0v ~1.03( y
U24-pin 5 ~05v - 0.535,

Tum off the test fixture.

11
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5.7

DC Steady State Current -Measurements:

These measurements require an oscilloscope and the AM503 Current Probe powered by a

TMS502A.

Operation of the AM 503 requires that the oscilloscope be set at 10mV/div and that the

probe be in the locked position.

Isolate and label the camera wiring harness with respect to the individual power voltages.
Note!! There are two +5VDC wires#37&38 so isolate these wires together.

Power up the camera board. Using the appropriate menu based on the camera board's
configuration (Startracker) disable the Video bus. Consult A Short Guide to Running

hspcube, C1-S1-002 for the necessary SASI or SUN keyboard commands.

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 AMS503 so that the current can be

calculated.

Consult A Short Guide to Running hspcube, 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.

Calculatgd Calculated \

ot | s, |t | ] Sottec | eatoms
sy | 5omA | T w A 1w A 146 PASS
a5y |awAs T wA [13.90wn 20 PaSS
+5VDC 'O"%ow 5.8 B ‘ 300mA /08-_,-’339 PSS

5V 10m A | 39-CuA| 29.6nA 6C P4SS
WSVAN  |Rom B [109-2uR | 109.2m#A 155 PASS

SN# O4-06 By Qﬁ@ Date ‘52/0/93

REMEMBER to attach your recorded documentation to this test procedure!

initials

passed

(A document protector is advised)

12



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, ADS58TE pins 19, 20. Record the results in the table below.

IMPORTANT: All readings must meet indicated tolerances!

Decimal Measured

Data Input Expected Voltage Voltage Out
00 0.0V¥10mV OS2 ./
01 80mV+10mV o8 o
02 160mV+10mV G 2 v
04 320mV+10mV 32 v
08 640mV+10mV led ~
16 1.28V+10mV [.18( v
20 1.61V+10mV [ 566 e
26 2.09V+10mV |- 207 ovt of T by 1V
31 2.49V+10mV 2'%77 ot ok Tl 57 3,V

SN#__0t-ob By Wb/ DA pate 4-7- 532
initials passed

p
3%2\,—6 Conce 7

L

13



5.9

Gain Selection Verification

To verify proper 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,Q10 and Q9 gates. Record the results in the table below.

msb Isb

S1 T5e/bit 150e/bit 350e/bit
INPUT Q11 Q10 Q0

Q o4 . 6% =

L) O el sy

1 - OB LS L OR,

2 .08 (57 \S. \ 71

4 5. 17 -O8 .62

& 5.0 OB 1517
B EXER LS.v7 08

% (S 17 1s. 17 [5- 17

%

SN#___ 04-0p Date__ 5[ bt

By‘m
inftials

passed v

14
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6.1

6.2

@ 6.3

Video Amplifier Gain Verifications.

The video gain measurements require use of the HP4194 Impedance Gain/Phase Analyzer.
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 20MHz oscillator by connecting U5 pins 5 and 23 together.
HP4194 Analyzer Configuration and Connection.
Configure the HP4194 Analyzer as follows:

Gain/Phase measurement,

A Scale linear and AutoScale,
Log Sweep, 1 KHz to 100 MHz,
Oscillator Level equal to -45 dBm.

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.

Gain and 3dB Bandwith Acquisition.

Measure and store the reference level. Then measure the gain at SMHz and 3dB 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.

Expected Measured
Gain Expected Measured 3dB 3dB
Setting Gain dB Gain dB bandwidth(MHz) | bandwidth(MHz)
4 35.5%0.5 35.4] 7.5%0.5 1.7
2 29.5+ 0.5 2.9.57 7.5£0.5 7.9
ol
I 22.2+0.5 2.0..33 7.5£0.5 .1 gl
sNg_CH-06 By AoFL.  pue 5/10/93
s passad
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7.1

Clocking Measurements with CCD installed

Verify that U19 pin 16 is not shorted to ground.
Measured ___ 4 .5 M\ Q (>IMQ)

Insert the appropriate prototype TH7883 CCD intc Jocation U19.
Carefully Check CCD OQOrientation!!
Acquire and record the @L2 and @L1 clocks:

Make these scope probe connection:

Probe Location
Channel 1 U19 pin 2
Channel 2 U19 pin 3

Change the scope horizontal sweep frequency to 50ns per division.

@12, @11 with CCD

a
F |2
10 foeta kw‘.ﬁ\ AN S
' 1
_’Q_, i N bt ~—gnd @12
9 10 F [ [..,...._.... i ,
\ i
0 frntrd lr' 2e "; ety /} ~—gnd OL1

16



‘ @ 7.2. Acquire and record the @QL2, OR, and OKRFET clocks:

: Move the scope @R, and BRFET probe to these Jocations:

Probe Location
Channel 2 U19 pin 19
Channel 3 R128 Q1 gate side
oL2, @R, AND ORFET
[ oL2
10 ¢ ot po=aCon sl
| \ ¥
g E H L - l s, k -« gnd L2
St [Tl 1o | Joreer
TR T
L r,.ﬂ trrsfermetrd i L1« gnd @R, GRFET
: | i
e TIME (50ns/div)

e

Py

5%
5 D35 SRRk

~1



@ 7.3 Acquire and record the @P1, and @BP3 clucks:

Move the scope probes to these locations:

Probe Location
Channel 1 U19 pin 14
Channel 2 U19 pin 13

Shift the horizontal sweep frequency to 200ns per division.

oP1, @P3 with CCD
| 1
10 oy
: \ P 4
! L
2 0 L < gnd DP1
s |
g Tvv a e
© o f LT
R
5 [ ; 7P3
O gnd @P3
0 b -
TIME (200ns/div)




7.4
@

Move the scope probe to this location:

Acquire and record the @P1, and ©@P2 clocks:

Probe Location
Channel 2 U19 pin 12
gP1, OP2 with CCD
10 < [
g 2P1 L
5 “T
» "
= o L P gnd @P1
S ] ]
10 = S I
i - <« |@P2] ]
5 3
o k- [~y <« gnd @P2
TIME(200ns/div)




7.5 Acquire and record the @P1, and @P4 clocks:

Move the scope probe to the location indicated:

Probe Location
Channel 2 U19 pin 11
@P1, OP4 with CCD
10 l ot ™ .
A s lep |
2 . 1
g 0 3 S . gnd 9P1
= 0 e S
g . 3 1 ‘\\@P4 e
0 L E A gnd P4
‘ " o
: TIME (200ns/div)

T 5
T

20

R fr i o L o i -z




Acquire and record the P1A, and P3 clocks:

Move the scope probes to these locations:

Probe Location
Channel 1 Ul9 pin 9
Channel 1 U19 pin 8

P1A, P3 with CCD

r E -
10 = \ ]
! P P1A
2 Mo < gnd P1A
J
SO 1
vt RN LAY
10 ’ = I{v- -
@ Tt
5 1 i .
st d gnd P3
0 1 .

TIME (200ns/div)

. .a,

X 28 & 2

+
vt

_,{% “3'\'\

iy oD ’i_,); (4. \4\ &
£ D RA S L '/ ' fonlih %—%
@ TRImR oI % FEE g : . i 3)&: :?Mg




@ 7.7 Acquire and record the P1A, and P2 clocks:

Move the scope probe to this location:

Probe Location
Channel 2 U19 pin 7
P1A, P2 with CCD
10 e 3
d - PiA 5
5 E 9
oo E N < gnd P1A
ar 4 :
(@] o N R e TN -
=10 E 7 f
9 .' < P2 o
5 % : | e
]k hnd 3. gnd P2
N s

TIME (200ns/div)

3
RO AR
2

Ay
s

£
VAL,




@ 7.8 Acquire and record the PIA, and P4 clocks:

Move the scope probe to this location:.

Probe ‘ Location
Channe] 2 % Ul9 pin 6
P1A, P4 with CC
10 7T =T : ]
(’J | P1n
(%] ° { k\_ i ] gnd P1A
S0 [ ~ 1
O Y —y . -
= 10 [ = J
S [ , ~— P4 .
0 i Aty ] < gnd P4
1 1 1

TIME (200ns/div)

FRECT

2

R

3
FEy 4 1w
Lo




@ 7.9 Acquire and record the PIA, and PIB clocks:
Move the scope probe to this location:

Probe Location

Channel 2

P1A, P1B with CCD

U19 pin 4

10 -
r «—|P1Alpin &
1 - 29 N,
ol :
: 1 =|P18|pin 4
5 ¢
: Ny
G 0

G

nd P1A,
gin 9

=
Q.

Sm f18,




AtATIEv ALY
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o YRR
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@ 8. Double Correlated Sampling Functionality Verification

This measurement requires the use of a Tektronix 2465B—or like—oscilloscope.

Verify the gain of the camera is 150e/bit via the SASL.

Make these scope probe connection:

Probe Location
Channel 2 U24 pin 3
Channel 3 R128 Q1 gate side

Adjust the time base to 20ns per division.

Acquire and record the Q1 or @RFET vs Video signals:

9RFET, U24-pin3 with CCD
20~4 0.8
15 o 1} 0.6
10 0.4
@ gl
FEl Uil -
-5 _E / v 0.2 U24-pin3
-1 0% / -0.4
-15 WAV ATE Y
'90—? v - -0.8

TIME (20ns/div)

Make the same measurement at 350e/bit and 1000e/bit.

Note: During the Q1 or @RFET pulse, the video signal should be =0v or ground. At high gains, the
sensor may require cool down by non-operation and/or an opaque covering to acquire this

measurenent.

e}
(9]




@ 9. Analog to Digital (A/D) Converter Clock vs U24-pin 6 & US-pin 28
This measurement requires the Tektronix 2465B analog—or like—oscilloscope.
Set the scope to trigger on channel 1.

Set the horizontal sweep to 50ns/division.

Move the scope probes to these locations:

Probe Location Vertical Gain
Channel 1 U8 pin 1 2 V/division
Channel 2 U8 pin 28 500 mV/division

U8-1, and U8-28 with CCD
i ]

1 4
12 . 1 1 l 4 4
10 b Udpin 24 3
8 - el
, \q 2 (\ 2
E /J i
[ : ] Ty !\ ; 1
® B REE
4 4 H H 0
o \q.\r\/\._j"" Us.pin 1 \J\?p’ ‘—g:&an u
2 : \} \ 1
o —0 : j\ e e -2
Wpn 1 e
-2 =T -3
o |} | §
-4 1 |} -4

- Il‘ - IC'. s, 1" Ter e ARl IIJ 19 1!"

B
: RTINS
o St

3 1
af
‘-"@L o5
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10.

Video Interface Timing Confirmation

This test requires the use of the Phillips PM 3585 Logic Analyzer.

10.1 Logic Analyzer Setup

10.2

Move the analyzer pod probes to the following locations at the Datacube interface card

connectors designated as P9 and P10:

P
NcjOu O] 6
PXIK} O O} Hs
ap O O} vsvwe
PpwALIO O} ano
cMDATA} O O} cMmpaLK 9 PIN
aND J|O O CMDSTAT O
Nclo O Ne
51 PIN
P10
Nc]| O O} G
0]O O} os
GND § O O] b2
p3{0O O} GND
D4 O O{os
apjfO O} s
D710 Q1] NC
channel 1-CMDCLK
channel 2-CMDDATA
channel 3-CMDSTAT
channel 4-VSYNC
channel 5- PIXVAL
channel 6-PIXCLK
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 (condensed and expanded at the beginning of line & frame)
(condensed and expanded at the end of line & frame)

SASI Command (this is CMDDATA while a SASI is sent from the SUN keyboard)
Rising and falling edges at Vsync vs Pixclk

Rising and falling edges at Pixval vs Pixclk

REMEMBER to attach your recorded documentation to this test procedure!
(A document protector is advised)
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ST Camera: ST2 04-06 PreC: int_time= 50ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 15:05:45 1993
Pixel Values Min 40 Max 45 Mean 41.5 Sigma 0.51 x 103

990 - ] | l l | I

2.10 —
2.00 —
1.90 —
1.80
1.70 —
1.60 —
1.50 -
1.40 —
1.30 -
120 -

1.10 —
1.00 —
0.90 -~
0.80 —
0.70 -~
0.60 —
0.50 —
0.40 —
0.30 —
0.20 —
0.10 —
0.00 — J -

-0.10 | | I l |

0.00 50.00 100.00 150.00 200.00 250.00



11.

Dark Noise Measurements.

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 camera 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 and offset is 0 via

the SASL

Make the same measurement at gain level 2(150e/bit) and 1(350e/bit).

Fill in the Mu/Sigma values in the table below:

Gain (e/Bit) Expected Measured Expected Measured

Average Average Histogram Histogram
Black Level Black Level Sigma Sigma

4(75efbit ) 160 1.2

2(150e/bit) 750 0.7

1(350e/bit 32 0.5

(330e/o1) 415 « 51
SN#___b%-06 By !‘_/V_;‘Z Date, 5'/ It / 93
' initials . passed '
Turn off the test fixture.

REMEMBER to attach your recorded documentation to this test procedure!

(A document protector is advised)

28
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12.

12.1.

Thermal Test

This test requires the SUN Datacube and its image processing capabilities, an environmental
chamber with limit, rate controls, and a timer.

Carefully Insert The Flight CCD
Into The Test Board.

Check Its Orientation
Thermal Test Setup

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.

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 confirm 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 the camera board under test

Seal the environmental chamber.

Set chamber temperature ramp rate at 2° C/min.
Set chamber temperature deviation limit to 2° C.
Set chamber soak time to 20 minutes.

Start the thermal sequence at -20°C or at a °C determined by your requester.

29
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ST Camera: ST2 04-06 -20C: int_time= 50ms, offset= 0, gain=1 (350 e/bit) Tue May 11 15:33:24 1993
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ST Camera: ST2 04-06 -20C: int_time=100ms, offset= 0, gain=1 (350 e/bit) Tue May 11 15:34:47 1993
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ST Camera: ST2 04-06 -10C: int_time= 50ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 15:50:25 1993

Pixel Values Min 32 Max 39 Mean 35.3 Sigma 0.71 x 103
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ST Camera: ST2 04-06 -10C: int_time=100ms, offset= 0, gain=1 (350 e/bit) Tue May 11 15:51:15 1993
Pixel Values Min 32 Max 39 Mean 35.5 Sigma 0.74 x 103
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ST Camera: ST2 04-06 -10C: int_time=200ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 15:51:52 1993
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Pixel Values Min 35 Max 37 Mean 35.7 Sigma 0.48 x 103
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ST Camera: ST2 04-06 0C: int_time= 50ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 16:06:56 1993

Pixel Values Min 35 Max 37 Mean 36.2 Sigma 0.45 x 103
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ST Camera: ST2 04-06 0C: int_time=100ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 16:07:59 1993

Pixel Values Min 35 Max 38 Mean 36.7 Sigma 0.44 x 103
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ST Camera: ST2 04-06 0C: int_time=200ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 16:08:37 1993
Pixel Values Min 36 Max 40 Mean 37.5 Sigma 0.51 x 103
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ST Camera: ST2 04-06 +10: int_time= 50ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 16:24:02 1993

Pixel Values Min 37 Max 39 Mean 38.1 Sigma 0.34 x 103
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ST Camera: ST2 04-06 +10: int_time=100ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 16:24:40 1993

Pixel Values Min 38 Max 41 Mean 39.0 Sigma 0.26 x 103
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ST Camera: ST2 04-06 +10: int_time=200ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 16:25:37 1993

Pixel Values Min 39 Max 44 Mean 40.8 Sigma 0.43 x 103
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ST Camera: ST2 04-06 +20: int_time= 50ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 16:41:22 1993

Pixel Values Min 40 Max 43 Mean 41.3 Sigma 0.46 x 103
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ST Camera: ST2 04-06 +20: int_time=100ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 16:42:03 1993
Pixel Values Min 42 Max 47 Mean 43.5 Sigma 0.53 x 103
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ST Camera: ST2 04-06 +20: int_time=200ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 16:42:42 1993

Pixel Values Min 46 Max 54 Mean 48.0 Sigma 0.68 x 103
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ST Camera: ST2 04-06 -130: int_time= 50ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 16:59:10 1993

Pixel Values Min 44 Max 51 Mean 47.1 Sigma 0.59 x 103
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ST Camera: ST2 04-06 +30: int_time=100ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 17:01:09 1993
Pixel Values Min 50 Max 58 Mean 52.0 Sigma 0.72 x 103
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ST Camera: ST2 04-06 +30: int_time=200ms, offset= 0, gain=1 ( 350 e/bit) Tue May 11 17:01:49 1993

Pixel Values Min 59 Max 76 Mean 61.8 Sigma 0.89 x 103
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ST Camera: ST2 04-06 -20C: int_time= 50ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 15:36:48 1993
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Pixel Values Min 72 Max 75 Mean 74.1 Sigma 0.58 x 103
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ST Camera: ST2 04-06 -20C: int_time=100ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 15:38:25 1993
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ST Camera: ST2 04-06 -20C: int_time=200ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 15:39:05 1993
Pixel Values Min 73 Max 76 Mean 74.5 Sigma 0.57 x 103
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ST Camera: ST2 04-06 -10C: int_time= 50ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 15:52:24 1993

Pixel Values Min 72 Max 81 Mean 76.5 Sigma 0.81 x 103
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ST Camera: ST2 04-06 -10C: int_time=100ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 15:52:57 1993
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Pixel Values Min 72 Max 81 Mean 76.8 Sigma 0.64 x 103
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ST Camera: ST2 04-06 -10C: int_time=200ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 15:53:29 1993
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Pixel Values Min 76 Max 79 Mean 77.3 Sigma 0.51 x 103

0.00

50.00

100.00

150.00

200.00

250.00




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

ST Camera: ST2 04-06 0C: int_time= 50ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 16:09:12 1993

Pixel Values Min 77 Max 81 Mean 79.2 Sigma 0.74 x 103
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ST Camera: ST2 04-06 0C: int_time=100ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 16:09:55 1993

Pixel Values Min 78 Max 82 Mean 80.1 Sigma 0.66 x 103
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ST Camera: ST2 04-06 0C: int_time=200ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 16:10:26 1993
Pixel Values Min 79 Max 86 Mean 81.7 Sigma 0.58 x 103
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ST Camera: ST2 04-06 +10: int_time= 50ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 16:26:24 1993
Pixel Values Min 82 Max 85 Mean 83.4 Sigma 0.62 x 103
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ST Camera: ST2 04-06 +10: int_time=100ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 16:27:54 1993
Pixel Values Min 83 Max 90 Mean 85.6 Sigma 0.63 x 103
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ST Camera: ST2 04-06 +10: int_time=200ms, offset= 0, gain=2 (150 e/bit) Tue May 11 16:28:59 1993

Pixel Values Min 88 Max 98 Mean 89.5 Sigma 0.70 x 103
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ST Camera: ST2 04-06 +20: int_time= 50ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 16:43:16 1993

Pixel Values Min 88 Max 93 Mean 90.9 Sigma 0.81 x 103
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ST Camera: ST2 04-06 +20: int_time=100ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 16:43:50 1993
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Pixel Values Min 94 Max 103 Mean 96.3 Sigma 0.76 x 103
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ST Camera: ST2 04-06 +20; int_time=200ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 16:44:24 1993

Pixel Values Min 103 Max 122 Mean 106.8 Sigma 1.11 x 103
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ST Camera: ST2 04-06 +30: int_time= 50ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 17:02:41 1993
Pixel Values Min 99 Max 112 Mean 104.0 Sigma 0.91 x 103
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ST Camera: ST?2 04-06 +30: int_time=100ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 17:03:23 1993

Pixel Values Min 112 Max 132 Mean 115.6 Sigma 1.10 x 103
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ST Camera: ST2 04-06 +30: int_time=200ms, offset= 0, gain=2 ( 150 e/bit) Tue May 11 17:04:31 1993

Pixel Values Min 132 Max 172 Mean 139.3 Sigma 2.33 x 103
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ST Camera: ST2 04-06 -20C: int_time= 50ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 15:39:41 1993

Pixel Values Min 145 Max 150 Mean 147.4 Sigma 0.72 x 103
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ST Camera: ST2 04-06 -20C: int_time=100ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 15:40:19 1993
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Pixel Values Min 145 Max 151 Mean 147.7 Sigma 0.76 x 103
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ST Camera: ST2 04-06 -20C: int_time=200ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 15:40:55 1993
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Pixel Values Min 146 Max 151 Mean 148.1 Sigma 0.81 x 103
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ST Camera: ST2 04-06 -10C: int_time= 50ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 15:54:04 1993

Pixel Values Min 149 Max 155 Mean 151.7 Sigma 0.85 x 103
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ST Camera: ST2 04-06 -10C: int_time=100ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 15:54:39 1993

Pixel Values Min 149 Max 155 Mean 152.2 Sigma 0.86 x 103
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ST Camera: ST2 04-06 -10C: int_time=200ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 15:55:28 1993
Pixel Values Min 151 Max 156 Mean 153.3 Sigma 0.75 x 103
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ST Camera: ST2 04-06 0C: int_time= 50ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 16:10:59 1993
Pixel Values Min 154 Max 160 Mean 156.7 Sigma 0.78 x 103
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ST Camera: ST2 04-06 0C: int_time=100ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 16:11:36 1993

Pixel Values Min 155 Max 162 Mean 158.3 Sigma 0.93 x 103
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ST Camera: ST2 04-06 0C: int_time=200ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 16:12:13 1993
Pixel Values Min 159 Max 169 Mean 161.3 Sigma 0.85 x 103
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ST Camera: ST2 04-06 +10: int_time= 50ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 16:29:36 1993

Pixel Values Min 160 Max 170 Mean 164.8 Sigma 1.17 x 103
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ST Camera: ST2 04-06 +10: int_time=100ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 16:30:11 1993

Pixel Values Min 165 Max 179 Mean 168.5 Sigma 1.06 x 103
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ST Camera: ST2 04-06 +10: int_time=200ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 16:30:46 1993
Pixel Values Min 172 Max 196 Mean 176.6 Sigma 1.57 x 103
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ST Camera: ST2 04-06 +20: int_time= 50ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 16:44:58 1993

Pixel Values Min 175 Max 187 Mean 179.3 Sigma 0.90 x 103
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ST Camera: ST2 04-06 +20: int_time=100ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 16:45:31 1993

Pixel Values Min 185 Max 201 Mean 188.7 Sigma 1.33 x 103.
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ST Camera: ST2 04-06 +20: int_time=200ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 16:46:03 1993
Pixel Values Min 204 Max 242 Mean 209.4 Sigma 2.04
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ST Camera: ST2 04-06 +30: int_time= 50ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 17:05:07 1993

Pixel Values Min 199 Max 219 Mean 203.1 Sigma 1.49 x 103
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ST Camera: ST2 04-06 +30: int_time=100ms, offset= 0, gain=4 ( 75 e/_bit) Tue May 11 17:06:07 1993
Pixel Values Min 220 Max 253 Mean 226.1 Sigma 2.14
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ST Camera: ST2 04-06 +30: int_time=200ms, offset= 0, gain=4 ( 75 e/bit) Tue May 11 17:07:04 1993
Pixel Values Min 255 Max 255 Mean 255.0 Sigma 0.00 x 103
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12.2 Thermal Measurement Acquisition

The Guide to running hspcube, C1-S1-002 explains a Fast 9 image capture. This program
module automatically grabs a 50ms, 100ms and 200ms integration time images at all three
gains. It then does a histogram of those images using a region of interest specified by the user.

Repeat Fast 9 completing your needed temperature range.

Fill in the Table below. )
50ms 50ms 100ms | 100ms |200ms |200ms
Temp Mu | Sigma Mu | Sigma Mu | Sigma

-20°C
-10°C
0°C
10°C
20°C
30°C
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12.3 Thermal Data and Graphs

Graphing techniques will vary with software. However, if you use Cricketgraph, use the
“line" graph format.

Plot Mu vs Temperature as below:

Sample Mu vs Temp

100
) /
/ e  S0ms/mu
60 v 100ms/mu
2 = 200ms/mu
= // —d—  400ms/mu
40
4
(// e
20 (,f 4/‘
4]
0 10 20 30 40 50

TEMP (degress C)

Plot Sigma vs Temperature like this:

Sample Sigma vs Temp.

\ /
/

-]
e === SomsSsigma
§ ——  100mssigma
o - 30

‘ 4 / ———  <oomsisigma

%
2 i ,‘r/ %
0

0 10 20 30 40 50
TEMP (degrees C)

SN#__ 04-0L By__ ) Date 5[:1[53

initials passed

Remember to attach graphs and associated data to test procedure!
(a document protector is advised)
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13.

13.1.

13.2

Flat Field 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 from 0.8 to 2.8, and a
resolution chart for focusing.

Linearity Test Setup

Using alcohol and Q-tips clean the installed CCD.

Verify a properly connected camera acquisition system by acquiring an image. Always use a
connector saver. ’

Turn on the test fixture.

Put the SUN Datacube in the Acquire mode, see Guide to Running hspcube—C1-S1-002.
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 optoliner can be moved.
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 warim up requires only one
background histogram for linearity computation.

Remove the 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 that
you get a Mu count between 235 and 250.

Linearity Measurement Acquisition

Use the SUN Datacube "Acquire and build histogram Sequence " to capture a frame and
process a defined region of interest. Then obtain its histogram.
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ST2 SNi#04-06 350e/bit Linearity Graph
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MU-BACK

ST2 SN#04-06 150e/bit Linearity Graph
y = 1443.6 * 10%(-0.99490x) R"2 = 0.999
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ST2 SN#04-06 75e/bit Linearity Graph
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13.3

Linearity Data Collection.
Select the first gain setting.

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 (.85.

Starting with 0.8 ND, increment the ND filter value with 0.2 steps until MU almost equals the
background. Acquire, build histogram, and record mu/sigma information for each ND value.
Repeat this sequence for all 3 Gain settings.

Turn off power.

Sample data table: ' Actual data table for gain of 4 =7 12=/lo{”
SN#__ 040t Date__ =|n|n3
Offset D P.S.Volt___/1-3v
ND Mu | Backgnd | Mu-Back ND Mu | Backgnd | Mu-Back
0.85 249 82 167 0.85
Zh. 88 7693
1.0 211 82 y 129 1.0
207.14
1.2 159 82 77 1.2
135.97
1.4 136 82 54 1.4
12531
1.6 113 82 31 1.6
7091 17.53
1.85 99 82 17 1.85 |.
50.68
2.0 95 32 13 2.0
14 .9+
2.2 90 82 8 2.2
39.6G
2.4 87 32 5 2.4
5.9 2119
2.6 85 82 3 2.6
31-%
2.85 84 82 2 2.85
30.43
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Actual data table for gain of 2 1% (N3 Actual data table for gainof 1 45De L&

SN#___ 0u-op Date % [u/2? SN#__ o —ob Date 5“/0,/4?
Offset 9 ..P.S.Volt__I2v Offset 3 .P.S.Volt___/Fov_
ND Mu | Backgnd | Mu-Back ND Mu | Backgnd | Mu-Back
0.85 0.85
a8 213§ 240|843
T.0 10 |
17245 153 F
1.2 1.2
3.9 J3.20
i. 1.4
%17 G341
1.6 1.6
582 | 276 5598 | (%8.57
1.85 1.85
.86 3308
2.0 2.0
3}.52 33|
2.2 - 2.2
364 2763
74 ~ 24
905 | 772.5 520 | (g, 04
0 26 | .
2.85 2.85
4.5 10.72




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

1000 e e S IR R R |
E
o i
= 100 Fessegngus: gaprt
3 e o
<)
S n=a
m
S 10 >
et ] sgingaiguiinganiniing HHCHH - EH
-
1 I I
2.8 2.4 2.0 1.6 1.2 0.8
ND
Confirm your linear results:
SN#__9<-0b By M/ Date b//n)‘ﬁ
initials pa&s

REMEMBER to include your recorded documentation in the test procedure!
(a document protector is advised)
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14.

14.1.

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.
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 (ND) 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 image.Set the board gain to gain setting 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 counts.

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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( 14.2 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.

14.3 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.

Offset | Mu | Backgnd | Mu-Back
00

2447
02

2%(-BD
04
. AL

( 08

(< 70
12

(52.4%
16 ’

129-9%]
20

[0Z.90
26

(0.2
31

5




Graphing techniques will vary with software. If you use Cricketgraph, select the "scatter"
graph format. Plot MU-BACKGROUND vs OFFSET

Choose a linear Y axis and linear curve fit.

Here is an offset linearity graph using Cricketgraph:

CLEMENTINE Offset Linearlty Graph

250

//

‘Mu-BACKGROUND

0

1F 18 16 14 12 10 08 06 04 02 01
Offset

9L

SN#___ 0% 6b By M7/\Z Datg__ $lw

1nitials passed

REMEMBER to include your recorded documentation in the test procedure!
(a document protector is advised)
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ST2 #04-06 Laser Test 5/12/93
Pixel Value '
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15.

\,
. b 05,3 £ -

. e

B P

Laser Test

This test requires the use of the SUN Datacube and its image processing capabilities, a HeNe
Laser, ImW 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 to Running hspcube, C1-S1-002—to check pixel values of
lluminated 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,C1-S 1-002—through the
illuminate area. )

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#__ 04 05 By W) Date__S |1 5%

initials . passed

REMEMBER to include your recorded documentation in the test procedure!
(a2 document protector is advised)
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16.

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.

SN# By Date,

initials passed

REMEMBER to include your recorded documentation in the test procedure!
{a document protector is advised)
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ST Camera: sn#04-06: int_time= 50ms, offset= 0, gain=1 ( 350 e/bit) Mon May 24 09:52:09 1993
Pixel Values Min 30 Max 33 Mean 31.2 Sigma 0.43 x 10°
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ST Camera: SN#04-06hsdFO#1: int_time= 50ms, offset= 0, gain=1 ( 350 ¢/bit) Mon May 24 23:09:27 1993

Pixel Values Min 42 Max 46 Mean 44.5 Sigma 0.60 x 103
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ST Camera: SN#04-06hsdFO#1: int_time= 50ms, offset= 0. gain=2 ( 150 ¢/bit) Mon May 24 23:10:51 1993

Pixel Values Min 95 Max 103 Mean 97.5 Sigmz 0.64 x 103
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ST Camera: SN#04-06hsdFO#1: int_time= 50ms. offset= 0. gain=4 ( 75 e/bit) Mon May 24 23:12:29 1993
Pixel Values Min 184 Max 196 Mean 188.1 Sigma 1.27 x 10°
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1. Sub and Final Assembly Resistance and Voltage Specificity prior to Power-up

Inspect the camera for connector saver and shorting plug. If one or both of these are not present obtain them.
A 51-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—

ST 31(3

21 =iwp Brezkout Cable

St 2in Connector

S1 Socket Conne:

~IT-SI2EES

Srobe points

NOTE: No Clrle
Attack e f_

——

11e0eio0] |

\
51 °
4
WA

y

—Verify these resistances:

pin# Vs pin#
DVM(common) DVM(signal)
5 (AGND) - 39 (+15VDC)
- 4 (-15VDC)
- 37 (+5VDC)
- 38 (+5VDC)
- 3 (-5vVDC)
- 40  (+5VIN)
20 {DGND) - 5
- 39
- 37
- 38
- 3
- 40
32 (+15VDC) - 4
- 37
- 38

t
[d%)

2

expected
>400Q
>12KQ
>400Q
>400Q
>1kQ
>4kQ)

>~ KO

e
> Ihe.

KL

o

>0

]

/“f;{ﬂ

-4

measured Q
487 0
I 2.\
429
4210
1.5 o
4=\
.30

1B
T~
~



4 (-15VDC) -

37 (+5VDC) -

3 (-5VDC)
2 (CGND)

37
38

40

38

40

40

51
36

>12KQ L 21C0

>12KQ 3iC o
>13KQ L O
>13KQ 13K 0
<10 O 04
>2kQ 1K o
>4KQ 4.2< o
>5kQ S9Kqg
S
<1Q §1 Z Q

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
37,38
3
40

Ex|

-

pected V
+15V
-15v
+5VDC
-5V

+5VAIN

.

Measured V loner ] o—ed
a_.{)_jM

ot

@M)u—p)"\-—\-
QW
&M—'

Turn off the power. Specificity verified, the cgfri{efé a}ld cabling are ready for power-up.

SN# ST 3/3
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2. Room Temperature Dark Measurement Data

Connect a quality assured data acquisition system and cabling with the resistance
veriiiec camera’to be tested.

Acquire images at all three gain values—1.2. and 4—using a 50ms integration time
and 0 ofiset.

Turn off power.

Using the same region of interest for each acquired image, process a histogram
resuliing 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. NOTE: This assumes the thermal test was performed with the same
CCD now housed.

| (%,
SN#_>T 3132 By o Date \ ¢ @/S‘/‘t 3

initials passed "

3. Imading 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 gatie the intensifier appropriately to capture a Lidar image.

SN#. 5T 313 By . Date é/(l/?S

P 4
. _initials passed

REMEMBER to attach your recorded documentation to this test procedure!
(A document protector is advised)
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ST Camera: SN#04-06 HSD: int _time= 50ms, offset_ 0, gain=4 ( 75 e/bit) Tue Jun 15 12:39:11 1993

Pixel Values Min 181 Max 196 Mean 184.0 Sigma 1.13 x 103
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ST Camera: SN#04-06 HSD: int_time= 50ms, offset= 0, gain=2 ( 150 e/bif) Tue Jun 15 12:38:11 1993
Pixel Values Min 93 Max 99 Mean 95.0 Sigma 0.75 x 103
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Pixel Values Min 42 Max 45 Mean 43.0 Sigma 0.22 x 103,
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ST Camera: SN#04-06 HSD: int_time= 50ms, offset= 0, gain=1 ( 350 e/bit) Tue Jun 15 12:37:04 1993
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Appendix G.3 .
Mechanical Assembly Log



Appendix G.3.1
Operations Sheet
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Appendix G.3.2
Work Sheets
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Appendix G.3.3
Bill of Materials
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