LAT CDR RFA #28 Response

Action Requested:

Describe the process for performing worse case circuit analyses for electronic circuits to show that the electronics can perform over its full temperature range over the life of the mission.  Provide the results of these analyses, if you have performed these analyses.  If you have not performed WCCA’s, then perform them.  I suggest using NASA JPL preferred reliability practice PD-ED-1212 as a guideline.

Supporting Rationale:

This has not been described, although WCCA’s may have been performed.

Response:

The LAT Mission Assurance Requirement (MAR), paragraph 8.2.3, states:

The developer will consult with GSFC to determine when/if a worst-case analysis should be performed by either organization on circuit where failure results in a severity category of 2 or higher question the flightworthiness of the design.
Although no severity category of 2 circuits had been identified at the time the subject RFA was written, the need for WCCA was deemed to be both a prudent and a required course of action to be taken the GLAST project.

As a result, WCCA consisting of a combination of timing analyses and/or test characterization that includes thermal variation, voltage variation, and clock frequency variation has been performed for both the Tower Electronics Module (TEM) and Anti-Coincidence Detector (ACD) respectively.  

Currently, radiation qualification is underway for all radiation sensitive devices used in the LAT instrument that are not radiation hardened.  The radiation qualification includes both Total Ionizing Dose and Single Event Effects (SEE) testing.  All SEE testing has been completed, and only 6 devices remain for Total Ionizing Dose testing.    

A summary of the WCCA “Analyses performed to date” and “future efforts” is summarized below.

Analyses performed to date:

TEM

An analyses approach has been taken for the TEM where a total of ten critical interfaces (4 – external, 6 internal) were subjected to timing analyses under the following best case – worse case parameter variations:

	Parameter
	Range

	Voltage 1
	3 – 3.6V (specification limits)

	Voltage 2
	2.25 – 2.75 V (specification limits)

	Radiation
	10kRad

	Junction Temperature
	-40°C to +70°C

	Fast operating condition
	-40°C, Voltage 1 = 3.6V,Voltage 2 = 2.75V

	Slow operating condition
	+70°C, Voltage 1 = 3.0V, Voltage 2 = 2.25V


Actual performance degradation over time was not considered since all required components successfully passed radiation testing.   

The four external interfaces examined consisted of the GASU-GTIU, GASU-GTIC, GTCC-TKR FE, and the GCCC-CAL FE.  The six internal interfaces examined consisted of the GTIU-GTIC, GTIU-GTCC, GTIU-GCCC, GTIC-GTCC, GTIC-GCCC, and the GCCC-GCCC (internal between the two GCCC ASICs on board).

No issues to date have been identified.  The complete write-up for these analyses can be found in LAT-TD-01785-02.

ACD

An approach has been taken by the ACD where both worse case – best case timing and parametric characterization has been performed by test.

The clock frequency has been varied between 14 MHz, 20 MHz (nominal), and 22 MHz over the fully specified voltage (3.0 to 3.6 Volts) and thermal (-30°C to 50°C) ranges to insure no problems exist with both the digital and analog circuitry.  Parametric data was taken to insure that all outputs were within specified limits.

 Actual performance degradation over time was not considered since all required components successfully passed radiation testing.    

Future Efforts:

Moving forward for the TEM, the project intends to have all external WCCA performed formally reviewed by the appropriate subsystem teams (i.e., to insure there are no issues with the maximum required set-up, hold, and output delay times required by the TEM). The timetable for completion of this activity will be available prior to the Integration Readiness Review.

Moving forward for the ACD team, the project is requesting that all results relating to the FREE board and GARC digital ASIC WCCA be formally documented and independently reviewed prior to the LAT Integration Readiness Review (IRR) given that recent light transmission performance demonstrated in the lab indicates that the loss of the Front-End Electronics board will result in the inability of the LAT to meets its efficiency requirements (i.e., thus constituting a severity category 2 failure).   This action will be required prior to LAT IRR.

For the following elements (i.e., Global Trigger ACD Spacecraft Interface Unit (GASU), Tracker (TKR), and Calorimeter (CAL)), the GLAST project is requesting that each element team present their completed WCCA prior to the LAT IRR.

