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3 Introduction 

3.1 Purpose 
This document describes the LSST Camera electrical, electronic, and electromechanical (EEE) parts 
program. It summarizes the techniques and methods by which the EEE parts program achieves 
maximum reliability within cost and schedule constraints. The EEE parts program will ensure that all 
parts and assemblies used are of the highest level of reliability available consistent with their functional 
requirements, as well as program cost and schedule constraints. The LSST Camera Part Control Board 
(PAB) has the primary responsibility of conducting the EEE parts program for the LSST camera 
Only parts listed in the LSST camera approved parts list (APL) shall be allowed in the LSST camera. 
Collaborators can file Nonstandard Parts Approval Request (NSPAR) for approval by the Part Control 
Board (PAB) during the course of the whole project. Approved parts are then added to the APL.  
The purpose of this document is to define criteria for selecting, screening, qualification, and monitoring 
of EEE parts and assemblies used in the LSST Camera hardware being built by subcontractors, vendors, 
or collaborators based on the LSST reliability objective. 
Should there be a conflict between this document and the LSST requirements (LSE-59, LCA-48) the 
LSST requirements shall take precedence. 
The EEE program will be based on the evaluation of the following three critical reliability factors: 

• The materials and processes employed in a device’s manufacture;  

• The tests and inspections to which a device is subjected; and  

• The electrical and environmental stresses experienced in a device’s application. 



 
 

 

The part reliability enhancement, assurance techniques and methods defined herein address five major 
activities that comprise the LSST Camera electrical, electronic, and electromechanical (EEE) parts 
program. 
These activities are: 

• Parts selection 

• LSST camera preferred part list 

• list of applicable part standards 

• Part Assurance Board (PAB) decides on non-standard part approval request (NSPAR) 
(this usually requires qualification data for the part in question) 

• Part Assurance Board (PAB) decides on screening requirements 

• Parts procurement (centralized or distributed - TBD) 

• Controlled parts storage (centralized or distributed - TBD) 

• Additional part screening performed by collaborators  

• Solder process definition (lead free control plan, workmanship standards TBD)  

• Screening procedures on complete electronic assemblies 

3.2 Scope 
This plan establishes the requirements of the LSST camera EEE parts baseline and is based on the 
requirements specified in LSST LCA XXX and YYYY. It applies to all custom build printed circuit 
boards inside and outside the cryostat. The following part types shall be subject to LSST camera EEE 
PAB control: 

• Resistors , capacitors, inductors 

• Crystals and oscillators 

• Discrete semiconductor devices (diodes, transistors, …) 

• Microcircuits, hybrid and monolithic, open, hermetic and plastic encapsulated 

• Application Specific Integrated Circuits (ASICs), 

• Multi-Chip Modules (MCM), 

• Heaters, thermo electric coolers 

• Wires and cables 

• Connectors (board to board, board to cable, cable to cable) 

• Fiber optic components 

• Printed Circuit Boards and High Density Interconnects 

• Motors TBD 

• COTS units (like HCUs) TBD 
The following definitions are used throughout this document: 



 
 

 

• “Shall” defines a requirement that requires a waiver if not performed.   

• “Will” defines a function that is expected to be performed during the implementation of the 
Project’s Parts Program, however does not require a waiver when not performed. 

• “Should” defines a “best practice” and is strongly recommended but does not require a waiver 
when not performed. 

4 Applicable Documents and Reference Documents (Required) 
The following documents of the issue in effect, at the time of the LSST Camera support program, form a 
part of the requirements of this control plan, to the extent referenced herein. If there is any conflict 
between this document and the documents listed herein, this document will take precedence. 

Ref # Document Number and Title 

  

 ESA Documents (http://escies.org) 
[1] ECSS-Q-ST-60C-Rev2, “Space product assurance Electrical, electronic and electromechanical 

(EEE) components” 

[2] ECSS-Q-30-08A, “Components reliability data sources and their use” 

[3] ECSS-Q-ST-30-11C-Rev1, “Derating - EEE components” 

[4] ESCC QPL, “Qualified Parts List” 

[5] ESCC QML, “Qualified Manufacturers List” 

[6] EPPL European Preferred Parts List (includes non-qualified but recommended parts 

[7] STM-281, “Guidelines for creating a LFCP (lead free control plan)” 

  

 NASA Documents 
[8] NASA Policy Directive NPD 8730.2 

[9] NASA EEE-INST-002, “Instructions for EEE Parts Selection, Screening, Qualification, and 
Derating” 

[10] MSFC-STD-3012 “EEE Parts Management and Control for MSFC Space Flight Hardware” 

[11] JSC SSP 30312 “EEE Parts Management and Implementation Plan for the Space Station 
Program” 

[12] JSC-66491 “Standard for JSC Lead-Free Control Plans” 

[13] JPL Rules Doc 57732 “Institutional Parts Program Requirements (IPPR) ” 

[14] GEIA-STD-0005-1 “Performance Standard for Aerospace and High Performance Electronic 
Systems Containing Lead-free Solder” 

[15] GSFC-311- INST- 001 “Goddard Space Flight Center Instructions for EEE Parts Selection, 
Screening and Qualification” 

[16] GSFC-PPL - 21 “GSFC Preferred Parts List (http://epims.gsfc.nasa.gov) ” 

[17] GSFC-S-311-M- 70 “Specification for Destructive Physical Analysis (DPA) ” 

[18] GSFC-TR04 -0600 “Plastic Encapsulated Microcircuit Derating, Storage and Qualification 
Report” 

[19] MIL-STD-883 “Test methods and procedures for Microelectronics” 

[20] MIL-PRF- 19500  Semiconductor Devices, General Specification for” 



 
 

 

Ref # Document Number and Title 

[21] MIL-M- 38510 “Microcircuits, General Specification for” 

[22] MIL-PRF- 38534 “Hybrid Microcircuit, General Specification for” 

[23] MIL-PRF- 38535 “Microcircuits Manufacturing, General Specification for” 

[24] NASA Reference Publication (RP) 1124 “Outgassing Data for Selecting Spacecraft Material” 

[25] NHB 8060.1 “Flammability, Odor and Offgassing Requirements and Test Procedures for 
Materials in Environments that Support Combustion” 

[26] NASA Parts Selection List (NPSL) ” 

[27] Entire NASA Parts Selection List – http://nepp.nasa.gov/npsl (formerly MIL-STD-975) ” 

[28] 433 - SPEC-0001, ” Gamma - Ray Large Area Space Telescope (GLAST) Project Mission System 
Specification” 

  

 Electronics Industries Association (EIA) Documents 
[29] JESD 22-A102, ”Accelerated Moisture on unbiased Autoclave 

[30] JESD 22-A101, ”STEADY-STATE TEMPERATURE HUMIDITY BIAS LIFE TEST 

[31] JESD 22-A104, ”TEMPERATURE CYCLING 

[32] JESD 22-A108, ”TEMPERATURE, BIAS, A ND OPERATING LIFE 

[33] JESD 22-A110, ”HIGHLY ACCELERATED TEMPERATURE AND HUMIDITY STRESS TEST (HAST) 

[34] JESD 22-A113-A, ”PRECONDITIONING OF PLASTIC SURFACE MOUNT DEVICES PRIOR TO 
RELIABILITY TESTING  

[35] LAT-MD- 00099- 03, ”LSST Camera EEE Parts Program Control Plan  November 2001 7 

[36] JEDEC STANDARD 26   PROPOSED GENERAL SPECIFICATION FOR PLASTIC ENCAPSULATED 
MICROCIRCUITS FOR USE IN RUGGED APPLICATIONS 

[37] IPC/JEDEC J- STD- 020A, ”MOISTURE REFLOW SENSITIVITY CLASSIFICATION 

[38] IPC/JEDEC J- STD- 033, ”STANDARD FOR HANDLING, PACKING, SHIPPING, AND USE OF 
MOISTURE/REFLOW SENSITIVE SURFACE MOUNT DEVICES 

[39] IPC/JEDEC J- STD- 035, ”ACOUSTIC MICROSCOPY FOR NON -HERMETIC ENCAPSULATED 
ELECTRONIC COMPONENTS 

[40] ANSI /IPC- SM- 786 , ”RECOMMENDED PROCEDURES FOR HANDLING OF MOISTURE SENSITIVE 
PLASTIC IC PACKAGES 

  

 American Society for Testing (ASTM) Documents 
[41] ASTM- E - 595, “Standard Test Method for Total Mass Loss and Collected Volatile 

Condensable Material from Outgassing in a Vacuum Environment” 

5 Definitions (Required) 

5.1 Acronyms (Required) 
Define all acronyms in the document. All Camera documents should include this section. 



 
 

 

Table 1: Example Acronyms List 

Acronym Definition 

ASIC Application Specific Integrated Circuit 
COTS Commercial Off-the-Shelf 
CSI Customer Source Inspection 
DPA Destructive Physical Analysis 
DSCC Defense Supply Center Corporation 
ESD Electrostatic Discharge 
EEE Electrical, Electronic, and Electromechanical  
ELDRS Extreme Low Dose Rate Susceptibility 
EPPP Electronic Parts Program Plan 
EPQA Electronic Parts Quality Assurance 
ESD Electrostatic Discharge  
FPGA Field Programmable Gate Arrays 
GIDEP Government Industry Data Exchange Program 
HDI High Density Interconnect 
IR Inspection Report 
LET Linear Energy Transfer 
MCM Multi-Chip Module 
MeV Mega (Million) Electron Volts 
MMR Monthly Management Review 
MRB Material Review Board 
MRR Manufacturing Readiness Review 
NSPAR Non-Standard Parts Approval Request 
PAPL Program Authorized Parts List 
PEM Plastic Encapsulated Microcircuits 
PIND Particle Impact Noise Detection testing 
PPE Parts Program Engineer 
PIE Project Interface Engineer 
PPPR Project Parts Program Requirements 
PRB Parts Review Board 
PPBI Post Programming Burn-In 
PPS Parts Program Specialist 
PROM Programmable Read Only Memories 
QA Quality Assurance 
RGA Residual Gas Analysis 
SCD Source Control Document 

5.2 Definitions (As Needed) 
In specifications and contractual documents, define terms and phrases that require a particular 
interpretation. Also define specialized technical terms and phrases that may not be familiar to all 
readers. Most Camera documents should include this section. 

Table 2: Example Definitions 

Term Definition 

Packaged Device A device that has completed the full assembly process including connector installation 
and package assembly. 



 
 

 

Term Definition 

Tested Device A device that has been tested to meet the EO and mechanical requirements in the 
Technical Specification. 

Science Device A packaged and tested unit meeting all requirements in the Technical Specification, 
sections 6.1 and 6.2 (see Ref [2]). 

6 Parts Selection and Standardization Requirements 
Only parts of acceptable quality, reliability, and contamination compliance, as demonstrated through test 
and/or analysis that meet or exceed the LSST camera performance and reliability requirements, will be 
selected for use.  
Only parts listed in the LSST camera approved parts list (APL) shall be allowed in the LSST camera. 
All standard parts are considered to be APL parts even if not explicitly listed there.   
Collaborators can file Non-standard Parts Approval Request (NSPAR) for approval by the Part Control 
Board (PAB) during the course of the whole project. Approved parts are then added to the APL. 

6.1 Standard Parts 
For the project, standard parts shall be defined as those that meet or exceed any of the following 
reliability standards: 

• NASA EEE-INST-002, Level 1 

• MIL-PRF-38534 Class K QML Source   

• MIL-PRF-38535 Class V, QML-38535  

• MIL-PRF-19500 JANS, QPL-19500 

• NASA EEE-INST-002, Level 2,  

• MIL-PRF-38534, Class H, QML-38534 (MIL-PRF-38510, Class B 

• MIL-PRF-38535, Class Q, QML-38535 

• MIL-PRF-19500, JANTXV, QPL-19500  

• Military Established Reliability (ER) passive devices, Failure Rate Level S or R 

6.2 Non-Standard Parts 
Parts not meeting the minimum quality and reliability criteria of standard parts are defined as non-
standard parts.  Unique, custom parts (e.g., ASICs and Custom Hybrids) are considered non-standard. 
All non-standard parts shall be upgraded/screened to the LSST requirements as specified on individual 
NSPAR’s (Non-Standard Part Approval Request) by the PAB. This includes assessment of 
contamination compliance. 



 
 

 

6.3 Application Specific Integrated Circuit (ASIC) Requirements 

6.3.1 Digital ASIC Test Requirements 
Digital logic circuitry in ASICs (including microprocessor, microcontroller and all custom designs) shall 
be tested to at least 95% stuck-at fault coverage as is defined by MIL-STD-883, Method 5012.  In 
addition, each major functional element of the design shall be tested to at least 90% stuck-at fault 
coverage. 
Quiescent current (all vector Iddq method) tests shall be based on a set of vectors that will toggle 95% of 
the nodes.  In addition, each major functional element of the design shall be tested to at least 90% node 
toggle coverage. 
Additional tests shall be conducted at room temperature and at maximum rated (hot and cold) 
temperature that include: 

• Operating speed (or maximum testable speed) functional test to verify all functions of the design 
and, 

• DC and AC parametric test vectors in compliance with the ASIC specification.   

6.3.2 Mixed-signal ASIC Test Requirements 
For Mixed-signal ASICs with large monolithic digital elements that amount to more than 10% of the 
design and more than 500 gates, these digital elements shall meet the requirements in paragraph 2.4.1.  
For Mixed-signal ASICs which are predominantly analog circuits with intermingled flip-flops, registers 
and counters that amount to less than 10% of the overall design complexity and less than 500 gates, 
these intermingled digital elements are exempt from the requirements in paragraph 2.4.1. 
Analog, digital, and mixed signal ASICs shall be modeled or simulated and compared with test data. 
Additional tests shall be conducted at room temperature and at maximum rated (hot and cold) 
temperature3 that include: 

• Operating speed (or maximum testable speed) functional test to verify all functions of the design 
and, 

• DC and AC parametric test vectors in compliance with the ASIC specification.   

6.4 Custom Hybrid, MCM and HDI Microcircuits 
Custom hybrid devices designed and fabricated by non-QML sources shall be in conformance with 
requirements of Class K reliability level of MIL-PRF-38534.  Custom hybrid QML sources shall be in 
conformance with Class H reliability level of MIL-PRF-38534 with a recommended additional 10-piece 
Class K element evaluation for each device type.  Pre-cap visual inspection and document review (e.g. 
element evaluation, burn-in data and rework travelers) prior to seal shall be required for all hybrids.  
To ensure high yields in small lot production runs, all substrates for use in custom hybrids or MCMs, 
shall be subjected to MIL-PRF-38534 substrate element evaluation.   
The PAB will identify in-process inspection points commensurate with Project requirements and will be 
called out in the travelers and inspected by QA.  

6.5 Wet electrolytic capacitors 
There shall be no wet electrolytic capacitors used. 



 
 

 

6.6 In cryostat additional qualification for contamination compliance 
All parts which will go into the LSST camera cryostat shall be qualified for their contamination 
compliance as described in the contamination control plan LCA-279. 

7 Assembly and Solder processes. 

7.1 Printed circuit board terminations for soldering and solder process 
Printed circuit boards will be terminated with ENEPIG suitable for RoHS compatible solder process 
using SAC405.  

7.2 Assembly and soldering 
Assembly shall only be performed in approved workshops. TBD 

8 Assembly qualification and screening requirements 

8.1 Qualification 
Designs intended for production shall be qualified to demonstrate that the design is capable to fulfill the 
LSST requirements. The qualification results shall be shown at the MRR and submitted to the PAB. The 
following qualification tests shall be performed at a minimum.  

8.1.1 Assembly thermal cycle qualification 
A sample number of fully representative assemblies of MRR ready designs shall be thermal cycled 1000 
times from -30 to 85C  (ramp rate of 10-20C/min  and a 10 min dwell time) followed by optical 
inspection and functional test. 
(i.e. see JESD22-A104-B as guide) 

8.1.2 Contamination compliance qualification 
A sample number of fully representative assemblies of MRR ready designs shall be evaluated for their 
contamination compliance according to LCA-279 

8.2 Screening 
All assemblies which will be used for the LSST camera shall be screened according to the following 
tests. 

8.2.1 Assembly thermal cycle screening 
All assemblies shall be thermal cycled 10 times from -30 to 85C (ramp rate of 10-20C/min  and a 10 min 
dwell time) followed by optical inspection and functional test. 
(i.e. see JESD22-A104-B as guide) 

8.2.2 Assembly burn-in screening 
All assemblies shall be burned in at +65C for at least 72h followed by a functional test. Evaluation of the 
change of performance parameter before and after the burn in is recommended. 



 
 

 

8.2.3 Assembly contamination screening  
All assemblies which go into the cryostat vacuum volume shall be evaluated for their contamination 
compliance according to LCA-279 prior to integration. 

9 Management 

9.1 Part Assurance Board 
The LSST camera Part Assurance Board (PAB) will be responsible for the management of the EEE 
Parts Program.  All EEE parts used on the project shall be reviewed by the PAB.  The review results are 
to be documented. The PAB shall generate a Project Parts List for tracking potential parts application 
issues and stress.  The Project shall keep the parts list current and has it reviewed for risk assessment 
prior to build and periodically throughout the development process.  The PAB will provide a written 
risk-rating summary to the project based on the review results. The PAB will decide on approval of risk 
waivers for parts after review together with LSST management. The LSST Camera ASICs will go 
through package level testing and screening/qualification process. LSST Camera PAB will also review 
and accept the screening/qualification plans for the commercial-off-the shelf (COTS) PEMS for use in 
the LSST Camera. 

9.1.1 Application Specific Integrated Circuit (ASIC) Requirements 
The ASIC Parts Specialist shall be a member of the design team and attend ASIC Design team meetings.  
ASIC design guidelines to monitor the design and test vector generation will be documented and 
reviewed by the ASIC Parts Specialist.  All ASIC developments for the project shall have Preliminary 
Design Reviews, Critical Design Reviews, Manufacturing Readiness Review, and Monthly Management 
Reviews to monitor technical, budget, and schedule progress. The Parts Interface Engineer and Parts 
Specialists will participate in all reviews. 
The design reviews will address as a minimum, derating requirements, parts screening and qualification, 
temperature effects evaluation, verification of controlled engineering materials, processes and other 
design analysis as applicable to the LSST camera requirements. 

9.1.2 Custom Hybrid, MCM and HDI Microcircuits 
The Hybrid Parts Specialist shall be a member of the design team and attend Hybrid Design team 
meetings to monitor the design and test methodology.  All projects requiring hybrid microcircuits shall 
have Preliminary Design Reviews, Critical Design Reviews, Manufacturing Readiness Review, Peer 
Reviews and Monthly Management Reviews7.  The Parts Interface Engineer and Parts Specialists will 
participate in all reviews.  The design reviews will address, as a minimum; derating requirements, 
element evaluation and quality levels, outgassing effects evaluation, verification and control of 
materials, processes, thermal and other design analysis as applicable to mission requirements.   

9.2 Non-Standard Part Approval 
In order for non-standard parts to obtain approval for use, a NSPAR form (attachment 1) shall be 
submitted with full supporting data including  

• datasheet(s)  

• documentation for the intended operating conditions 

• procurement source 



 
 

 

• screening specifications 

• reliability test data/analysis 

• outgassing test data/analysis  
NSPAR’s shall be reviewed and approved by the PAB. 

9.2.1 Parts List Review 
A list of part types considered by the design organization to be design candidates should be submitted in 
Excel format.  The submittal of the preliminary design list will be at least 30 days prior to subsystem 
FDR. A final “As-designed” list shall be submitted at a minimum of 30 days prior to MRR of each 
subsystem.  All additions or modifications will be highlighted and submitted within one month of the 
change.  
The parts lists should include:  

• part number 

• value/tolerance/rating 

• part specification/source control drawing number 

• generic part number 

• part description (e.g., ceramic capacitor, or quad nor gate) 

• proposed part manufacturer 

• the review and approval status for nonstandard parts 

• the review and approval status of any waivers 

• an estimate of the quantities to be used 

• application usage notes that can aid the PAB in reviewing parts 

9.2.2 As-Built Parts List 
The PAB will review the As-Built Parts List for risk assessment. In addition to the information required 
in the parts lists, the as-built parts list should include for each different part the following: 

• actual part marking 

• part number 

• manufacturer 

• lot date code 

• serial number (for serialized parts) 

• procurement specification number 

9.2.3 Non-Compliant Parts 
Whenever a standard or non-standard part fails to comply with the requirements established herein, an 
Inspection Report (IR) shall be generated.  



 
 

 

9.3 Parts Acquisition 

9.3.1 Parts Procurement 
Parts for LSST camera equipment shall be procured directly from the approved part manufacturers or 
authorized distributor when traceability to the manufacturer can be established.  Purchase orders and/or 
purchase requisitions shall not contain exceptions to referenced specifications or requirements unless 
approved via the NSPAR.   

9.3.2 Traceability 
All parts purchased under this program shall be traceable to a specific manufacturer, part number, and 
lot number or lot date code.  In addition, parts requiring serial numbers will have traceability to test data 
associated with the same lot.  

9.3.3 Parts Data Requirements and Data Retention 
The manufacturer’s or vendor’s certificate of conformance for each electronic part lot shall be obtained 
by the procuring activity and retained for a period of launch plus three years or as directed by the 
Project.  The parametric data will be traceable to each serialized part.  All variables and attributes data 
generated in compliance with the specification will be delivered to the procuring activity.  The data shall 
be reviewed by the procuring activity for technical acceptability and completeness. The read and record 
data may be required when the project needs to establish worst case circuit analysis parametric data 
points.  This will be included in the parts procurement as requested by the project. All test and 
evaluation data will be submitted to the PIE for review (electronic format is preferred).   

9.3.4 Customer Source Inspection (CSI) 
When parts are procured pre-seal visual inspection shall be performed by LSST Procurement Quality 
Assurance organization on all packaged ASICs, hybrid microcircuits, MCMs, crystal oscillators, and 
relays by the procuring agency  

9.3.5 Electronic Parts Quality Assurance (EPQA) 
All incoming LSST camera parts shall be inspected by EPQA prior to final storage. 
All piece parts requiring upgrades, screenings or testing shall be inspected by EPQA prior to shipping to 
the vendor and shall be re-inspected by EPQA upon their return. 

9.4 Electronic Parts Application and Derating 

9.4.1 Parts Derating 
Each part used in the LSST camera will be applied in a manner such that the temperatures experienced 
and electrical stresses produced when it is operating do not exceed the derating criteria defined in the 
derating appendix.  

9.4.2 Handling / Storage / Electrostatic Discharge (ESD) Control Requirements  
ESD damage or degradation may occur in static-sensitive electronic parts during handling of the parts 
from procurement through incoming inspection, testing, screening, storing and final assembly/test.  To 
protect static-sensitive parts from ESD, handling of parts shall be controlled by the requirements of JPL 
D-1348, or equivalent.  



 
 

 

9.4.3 Failure Analysis 
Failure analysis shall be performed for all part failures that occur during screening (for custom devices 
and parts that require upscreening) and subsequent.  The only exceptions are parts damaged by human 
error (e.g., improper installation).  Analysis shall be carried to the point that lot dependency of the 
failure mode can be determined.  Failure analysis reports will be written to document the analysis 
approach, the determined failure mode and mechanism (i.e., cause) responsible for the failure, and the 
corrective actions required to prevent recurrence of the failure. 

10 Appendixes 

10.1 Appendix A: Derating Guidelines for Hermetic Devices 
Appendix A available separately. 

10.2 Appendix B: Derating Guidelines for PEM Microcircuits 
Appendix B available separately. 

10.3 Appendix C: Stress Analysis Worksheets 
Appendix C available separately. 

10.4 Appendix D: Typical PAB Approval Request Form 
Appendix D available separately. 
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