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[bookmark: _Toc180135474][bookmark: _Toc180135588][bookmark: _Toc534720986]INTRODUCTION

[bookmark: _Toc180135475][bookmark: _Toc180135589][bookmark: _Toc534720987]Purpose

This document provides FMEA analysis in support of reliability analysis for MEPS sensors of the EPD instrument of Solar Orbiter.

[bookmark: _Toc180135476][bookmark: _Toc180135590][bookmark: _Toc534720988]Scope

This document applies to the current design of the electronics for MEPS. As of this version, the basic design is (AD-09).

[bookmark: _Toc180135477][bookmark: _Toc180135591][bookmark: _Toc244791156][bookmark: _Toc534720989]Project outline

The MEPS instrument is a particle instrument measuring the energy spectra and angular distributions of energetic electrons (30-600 keV) and ions (30-6000 keV/nuc). The full experiment consists of one units which provides one double-ended telescope pair (sensor heads) with four view cones per pair, two dedicated for electrons and two for ions. Utilizing any spin of the spacecraft, MEPS observations cover the full sky with a total of eight electron and eight ion view cones. As the L5 S/C is not a spinner, MEPS still provides crucial pitch-angle information to determine whether the event is scatter free. This is an important indicator for interpreting the timing information of the space weather event. Figure 1 shows a single MEPS unit, with eight view cones.

[image: C:\Users\Cesar Martin\Desktop\lagrange\Actions_PM1-PCR\MEPS_description\CAD\MEPS.png]MEPS-B
Sensor
MEPS-A
Sensor
Electronics
Module

[bookmark: _Ref513538726][bookmark: _Ref534193256][bookmark: _Ref534193233][bookmark: _Toc534622385][bookmark: _Ref534720766]Figure 1: MEPS single unit CAD-study with two sensor heads, each of which has two double-ended telescopes. One MEPS unit provides eight view cones in total, four for electrons and four for ions.








	Units: 1

	Sensors: 2 per unit

	FoVs: 4 double FoVs per unit. The FOVs for each sensor are separated by 70°
[image: C:\Users\Cesar Martin\AppData\Local\Microsoft\Windows\INetCache\Content.Outlook\K3ITX40U\tlg-meps-c2_sh_top_240mm-110deg.png]


	Angular resolution: 45° full angle

	Energy range:

	· 30keV/n-6MeV/n for the 20-300-300 um detector stack solution

	Volume: 300x160x175 mm3 (including potential radiators and MLI)

	Power: 5W for 1 unit

	Mass: 2.4 kg for 1 unit

	Data Products: Particle VDF

	Cadence: 5(1) minutes

	TRL: 6 (most parts 8-9)


[bookmark: _Toc534622395]Table 1: Proposed MEPS instrument heritage of MEPS from EPT Solar Orbiter Technical Parameters
The two ends of a telescope observe electrons and ions, respectively. Each telescope consists of a stack of three solid-state detectors (Figure 2). On one end, the outer detector is covered with a thin polyimide layer or parylene foil (TBC), stopping ions below a few hundred keV/nuc but letting electrons pass almost unaffected. This uppermost detector (300 μm thick Si) on this side is operated in anticoincidence with the second (middle) detector and thus observes the energy spectrum of stopping electrons. The other end of the telescope has a broom magnet (instead of a PI layer) that defects electrons below a few hundred keV (see Figure 3 for electron deflection measured with the Solar Orbiter EPT EM). This side of the telescope employs a 20 μm thick Si detector in front of the 300 μm Si detector in the middle, which thus form an ion telescope observing at energies from 30-6000 keV/nuc. Ions passing the thin first detector can be identified at high energies (MeV/nuc range) using the d E/dx vs. E technique, operable at Ekin ≥ 1 MeV/nuc for protons and alphas and ≥ 2 MeV/nuc for heavier species. Lower ion energies can nevertheless be resolved using the middle detector as an anticoincidence: Anything above 1.2 MeV energy deposit in the thin detector is heavier than protons, which in return means that the thin detector may be used as a Z ≥ 2 channel SSDs for deposited energies > 1.2 MeV (or 300 keV/nuc for He). The same logic applies for penetrating He, enabling a Z ≥ 6 channel for energies > 4.8 MeV; or 420 keV/nuc for C, 360 keV/nuc for N and 310 keV/nuc for O.
[image: ]
[bookmark: _Ref513538798][bookmark: _Toc534622386][bookmark: _Ref534720884]Figure 2: Working principle of an EPE double-ended telescope. The polyimide layer stops ions but lets electrons pass, whereas on the other side electrons are deflected by magnets and ions pass unaffected. The thin detector on the right side enables the separation of different ion species via the d E/dx vs. E-method (in the MeV/nuc energy range; for the separation at lower energies see text).
The permanent magnets of one sensor head (double-ended telescope pair) form a quadrupole, significantly reducing the far field. The far field is reduced even further by the other sensor head on the same unit, since its quadrupole forms an angle of 70° with respect to the first sensor head. The MEPS unit integrates the sensors and electronics in a single package. Right below the sensors in the electronic box are the preamp boards, followed by an analogue board and the back-end electronics (digital and LVPS-board[s]). Pre-flight ground energy calibration (1 % level) of all detector elements, on-axis active area calibration, selected off-axis directions active area calibration and dead-time calibration will be performed. Calibration quality will be monitored in-flight using measured data and cross-calibration with suprathermal electron/ion instruments. 
[image: ]
[bookmark: _Ref513538836][bookmark: _Toc534622387][bookmark: _Ref534720906]Figure 3: Electron Proton Telescope on Solar Orbiter (EPT) EM measurements with a Bi- 207 source. The conversion electron lines at 482 keV and 554 keV are seen on the PI-side (Det 1) but vanish on the magnet-side (Det 2).


[bookmark: _Toc244791157][bookmark: _Toc534720990]Details of MEPS

Figure 4 shows the LGR In-situ suite star configuration.



[bookmark: _Ref534194295][bookmark: _Toc244791174][bookmark: _Toc534622388]Figure 4 MEPS as part of the Lagrange L5 In-situ Consortium

1.1 
1.2 
1.3 
1.4 
[bookmark: _Toc534720991]MEPS / CAU-Kiel 

The MEPS unit has heritage from the STEREO/SEPT and Solar Orbiter/EPT instruments. The combination of the two sensors sharing a common electronics box  is called the MEPS unit.
The breakdown of an MEPS unit into unit blocks and subsystems is depicted in the product tree (AD-04), and the mechanical assembly in the MICD (AD-05). Details of the electronics board and sensor level assemblies are in the AIT plan (AD-06). 
For purposes of the FMEA, the board level assemblies listed in Table , including associated electronics, will be considered. Circuit diagrams are in AD-07.


	Ref
	No.
	Unit block
	No.
	Unit subsystem
	No.
	Unit board level assemblies

	1.0.0
	1
	MEPS-A sensor
	
	
	
	

	1.0.1
	
	
	1
	Foil
	
	

	1.0.2
	
	
	4
	SSD
	
	

	2.0.0
	1
	MEPS-B sensor
	
	
	
	

	2.0.1
	
	
	1
	Foil
	
	

	2.0.2
	
	
	2
	SSDs
	
	

	3.0.0
	1
	E-box
	
	
	
	

	3.1.0
	
	
	1
	MEPS-A Preamp board
	
	

	3.1.1
	
	
	
	
	8
	Preamp

	3.1.2
	
	
	
	
	2
	LDO

	3.2.0
	
	
	1
	MEPS-B Preamp board
	
	

	3.2.1
	
	
	
	
	22
	Preamp

	3.2.2
	
	
	
	
	2
	LDO

	3.3.0
	
	
	1
	MEPS Analog board
	
	

	3.3.1
	
	
	
	
	1
	FPGA

	3.3.2
	
	
	
	
	30
	Shapers

	3.3.3
	
	
	
	
	30
	ADC

	3.3.4
	
	
	
	
	1
	HK ADC

	3.4.0
	
	
	1
	MEPS Digital board
	
	

	3.4.1
	
	
	
	
	1
	FPGA

	3.4.2
	
	
	
	
	2
	Memory (EEPROM & SRAM)

	3.4.3
	
	
	
	
	2
	LVDS

	3.4.4
	
	
	
	
	2
	LDO for Shapers

	3.4.5
	
	
	
	
	1
	Clock

	3.5.0
	
	
	1
	MEPS LVPS board
	
	

	3.5.1
	
	
	
	
	1
	Input EMI

	3.5.2
	
	
	
	
	1
	Flyback Converter

	3.5.3
	
	
	
	
	2
	Transformers

	3.5.4
	
	
	
	
	4
	ISR for digital supply

	3.5.5
	
	
	
	
	1
	ISR for analog supply

	3.5.6
	
	
	
	
	2
	LDO +-6V analog

	3.5.7
	
	
	
	
	1
	Bias LRCS


[bookmark: _Ref534189784][bookmark: _Toc534622396]Table 2 MEPS unit breakdown

[bookmark: _Toc292702733][bookmark: _Toc180129464][bookmark: _Toc180163704][bookmark: _Toc534720992]GLOSARY AND DEFINITIONS

1 [bookmark: _Toc180129465][bookmark: _Toc180163705]
[bookmark: _Toc534720993]Acronyms and Abbreviations


	CME
	Coronal Mass Ejection

	DOCS
	Deep-space Optical Communication System

	DPU
	Data Processing Unit

	EDAC
	Error Detection and Correction

	EEE
	Electrical, Electronic and Electro-mechanical

	EMC
	Electro-Magnetic Cleanliness

	EOL
	End of Life

	EPT
	Electron Proton Telescope

	HV
	High Voltage

	IMF
	Interplanetary Magnetic Field

	LCL
	Latch Current Limiter

	LET
	Linear Energy Transfer

	LGR
	Lagrange

	MAG
	Magnetometer

	MCP
	Microchannel Plate

	MEPS
	Medium Energy Particle Spectrometer

	MICD
	Mechanical Interface Drawing

	MRAM
	Magneto-Resistive Memory

	NGRM
	Next Generation Radiation Monitor

	PLA
	Plasma Analyser

	RADEM
	Radiation Monitor

	RAM
	Random Access Memory

	RAMS
	Reliability, Availability, Maintainability, Safety

	RM
	Radiation Monitor

	SEE
	Single Event Effects

	SEP
	Solar Energetic Particles

	SIR
	Stream Interaction Region

	SIXS
	Solar Intensity X-ray and particle Spectrometer

	SO
	Solar Orbiter

	SRAM
	Static Random Access Memory

	SSA
	Space Situational Awareness

	IS
	Solar Wind Analyser

	TC
	Telecommand

	TID
	Total Ionizing Dose

	TM
	Telemetry

	TOF
	Time of Flight

	XFM
	X-ray Flux Monitor





[bookmark: _Toc180129466][bookmark: _Toc180163706][bookmark: _Toc534720994]APPLICABLE AND REFERENCE DOCUMENTS

2 [bookmark: _Toc292702736][bookmark: _Toc180129467][bookmark: _Toc180163707]
[bookmark: _Toc534720995]Applicable Documents (from Solar Orbiter Mission)

	ID.
	Title
	Reference
	Iss./Rev.
	Date

	AD-01
	Product Assurance Requirements for instruments
	SOL-EST-RS-1937
	Draft 2
	2011-02-25

	AD-02
	EPD EID-B
	SO-EPD-IF-0001
	3 / 0
	2012-10-12

	AD-03
	EPD DRD SO
	SO-EPD-EID-00001
	2 / 4 draft
	2011-02-17

	AD-04
	Kiel Product Tree
	SO-EPD-KIE-PT-0001
	1 / 0
	2011-08-31

	AD-05
	EPT-HET MICD
	SO-EPD-KIE-DR-0001
	3 / 0
	2011-02-17

	AD-06
	EPT-HET and STEP AIT plan
	SO-EPD-KIE-PL-0010
	2 / 1
	2013-10-30

	AD-07
	EPT-HET and STEP Circuit Diagrams
	SO-EPD-KIE-CD-0010
	2 / 0
	2013-10-08

	AD-08
	EPT-HET & STEP Block Diagrams
	SO-EPD-KIE-BD-0010
	2 / 0
	2013-10-08

	AD-09
	EPT-HET & STEP EEE list
	SO-EPD-KIE-LI-0050
	2 / 0
	2013-09-24



[bookmark: _Toc534622397]Table 3  Applicable documents

[bookmark: _Toc534720996]Normative documents

	ID.
	Title
	Reference
	Iss. / Rev.
	Date

	ND-01
	Space product assurance: Dependability
	ECSS-Q-ST-30C
	C
	2009-03-06

	ND-02
	Space product assurance: Failure modes, effects (and criticality) analysis (FMEA/FMECA)
	ECSS-Q-ST-30-02C
	C
	2009-03-06

	ND-03
	Jet Propulsion Laboratory Reliability Analyses Handbook
	JPL D-5703
	
	1990-07

	ND-04
	Space product assurance: Fault tree analysis - Adoption notice ECSS/IEC 61025
	ECSS-Q-ST-40-12C
	C
	2008-07-31

	ND-05
	Fault Tree Handbook, U.S. Nuclear Regulatory Commission
	NUREG 0492
	
	1981-01

	ND-06
	Fault tree handbook with aerospace applications
	NASA Document
	1.1
	2002-08

	ND-07
	Critical-item control
	ECSS-Q-ST-10-04C
	C
	2008-07-31

	ND-08
	Risk management
	ECSS-M-ST-80C
	C
	2008-07-31



[bookmark: _Toc534622398]Table 4   Normative documents

[bookmark: _Toc180163709][bookmark: _Toc534720997]Reference documents

	ID.
	Title
	Reference
	Iss. / Rev.
	Date

	RD-01
	Reliability Assessment Report for MEPS
	LGR-IS-KIE-RP-0004
	1 / 0
	29/12/2018


[bookmark: _Toc534622399]Table 5   Reference documents

[bookmark: _Ref534190668][bookmark: _Toc534720998]Reliability analysis

ESA dependability document ND-01 calls for supporting analyses for reliability assessment (RD-01). EPD DRD SO (AD-03) calls for FMEA (p. 54) and FTA (p.47), and in addition the deliverable documentation to ESA includes HSIA, as part of the FMEA.
This document is the response to these requirements.

3 
[bookmark: _Toc534720999]Analysis methods

[bookmark: _Toc534721000]FMEA

The primary ESA document for FMEA method is ND-02. Additional guidance comes from the NASA handbook ND-03.

[bookmark: _Toc534721001]FTA

The primary ESA document for FTA method is ND-04, which is an adoption notice for IEC 61025, and recommends the use of ND-05.
Additional guidance comes from the NASA handbook ND-03, and the NASA document ND-06 is an update of the recommended ND-05.
For MEPS, FTA has not been performed.
[bookmark: _Toc534721002]HSIA

The primary ESA document for HSIA method is ND-02 §7. Additional guidance comes from ND-03.
For MEPS, HSIA has not been performed.

[bookmark: _Toc534721003]Analysis assumptions and definitions

The following lists of parts are for flight model design and demonstration model (DM) design and manufacture. Where a part or unit is DM it will be so indicated.

1.5 
1.6 
[bookmark: _Toc534721004]Severity levels and failure effects

General requirements for FMEA include identification of critical items (ND-02 §4.1.c), and criteria for identifying critical items are listed in §4.3.
Severity categories for failure modes are defined in ND-02 §4.2, however, for consistency with the classification in the Critical Items List (AD-08), the system in the CIL (Severity Level SN) will be followed. The suffix ‘R’ indicates redundancy, and ‘SP’ single point failure.
For failures at subsystem, assembly or equipment level, the term "mission" is understood as meeting sensor specification requirements.

	Severity number SN
	Description
	FMEA severity level (1)
	Dependability effects
	Safety effects

	5
	Catastrophic
	1
	Failure propagation
	Loss of system

	4
	Critical
	2
	Loss of mission
	Major damage to interfacing flight systems

	3
	Major
	3
	Major mission degradation
	

	2
	Minor
	4
	Minor mission degradation
	

	1
	Negligible
	4
	Other failure/ no loss of science
	


[bookmark: _Toc534622400]Table 6   Severity classification levels
(1) ND-02 §4.2, but not used in this document, see AD-01

Hardware failure modes are given in ND-02 §G.
Functional failure modes include
	failure to perform at all,
	failure to perform completely,
	perform incorrectly,
	does not fail safe.
Where appropriate a mixture of functional FMEA and hardware FMEA will be used.

[bookmark: _Toc534721005]Break-down to board and component group levels

The analysis will be performed from component level upwards. In keeping with the breakdown in Figure 5. The FMEA work sheets are organized beginning with component groups on unit boards. The circuit diagram reference for the component groups is AD-07, and functional block diagrams are in AD-08.
The highest relevant level to consider in the break down is the MEPS unit level. The electronics for the MEPS unit comprises a connected set of boards (Figure 5), and each board in turn comprises an interconnected set of component groups.
[image: ]
[bookmark: _Ref534194138][bookmark: _Ref534194328][bookmark: _Toc534622389] Figure 5  MEPS unit breakdown to board and sensor level
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[bookmark: _Toc534622390]Figure 6   MEPS-A and MEPS-B and HET preamp boards (from Solar Orbiter EPT-HET heritage)

[image: ]
[bookmark: _Toc534622391]Figure 7  MEPS Analog ADC Shaper board (from Solar Orbiter EPT-HET heritage)
[image: ]
[bookmark: _Toc534622392]Figure 8  MEPS Digital board (from Solar Orbiter EPT-HET heritage)

[image: ]
[bookmark: _Toc534622393]Figure 9  MEPS Low Voltage Power Supply (from Solar Orbiter EPT-HET heritage)
[bookmark: _Toc534721006]Functional level breakdown

Reference for the functional level breakdown of the MEPS sensor is the MEPS Block Diagram, 2013-01-23, found in AD-08. The following tables use the blocks and terminology of that block diagram, and there is no one-to-one correspondence to physical electronics boards.

[image: ]
[bookmark: _Toc534622394]Figure 10  MEPS block diagram
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[bookmark: _Toc534721007]Functional FMEA worksheets





	3.1.0 MEPS-A Preamps
	Function
	Failure Mode
	Causal Factors
	Local effects

	System effects
	FMEA Severity level
	Detection method
	Current controls
	Recommendations

	Id no
	Item / type
	
	
	
	
	
	
	
	
	

	3.1.1
	PA / Charge Sensitive Amplifier
	Amplify analog signals from detector
	Fails at input
	any
	Loss of signal channel
	Science degraded
	3R
	
	
	

	
	
	
	Op Amp fails
	any
	Loss of signal channel
	Science degraded
	3R
	
	
	

	
	
	
	Amplification changes
	any
	Degraded signal
	Science degraded
	3R
	
	
	

	3.1.2
	LDO for Preamp
	Regulate from 6V to 5V
	Fails OC
	any
	Loss of output voltage
	Loss of EPT
	3R
	
	
	

	
	
	
	Fails SC, 6V output
	any
	Item tolerant to 6V
	Loss of EPT
	3R
	
	
	

	3.1.2
	LDO for reference Vfet
	Regulate from 6V to 5V and Vref
	Fails OC
	any
	Loss of output voltage
	Loss of EPT
	3R
	
	
	

	
	
	
	Fails SC, 6V output
	any
	Item tolerant to 6V
	Loss of EPT
	3R
	
	
	







	3.2.0 MEPS-B Preamps
	Function
	Failure Mode
	Causal Factors
	Local effects

	System effects
	FMEA Severity level
	Detection method
	Current controls
	Recommendations

	Id no
	Item / type
	
	
	
	
	
	
	
	
	

	3.2.1
	Preamp / Charge Sensitive Amplifier
	Amplify analog signals from detector
	Fails at input
	any
	Loss of signal channel
	Science degraded
	3R
	
	
	

	
	
	
	Op Amp fails
	any
	Loss of signal channel
	Science degraded
	3R
	
	
	

	
	
	
	Amplification changes
	any
	Degraded signal
	Science degraded
	3R
	
	
	

	3.2.2
	LDO for Preamp
	Regulate from 6V to 5V
	Fails OC
	any
	Loss of output voltage
	Loss of HET
	3R
	
	
	

	
	
	
	Fails SC, 6V output
	any
	Loss of Preamp
	Loss of HET
	3R
	
	
	

	3.2.2
	LDO for reference Vfet
	Regulate from 6V to 5V and Vref
	Fails OC
	any
	Loss of output voltage
	Loss of HET
	3R
	
	
	

	
	
	
	Fails SC, 6V output
	any
	Loss of Preamp
	Loss of HET
	3R
	
	
	








	3.3.0 MEPS Analog
	Function
	Failure Mode
	Causal Factors
	Local effects

	System effects
	FMEA Severity level
	Detection method
	Current controls
	Recommendations

	Id no
	Item / type
	
	
	
	
	
	
	
	
	

	3.3.1
	FPGA 2M gates
	Command and data handling for Shaper and ADC i/f to Preamps and sensors 
	Loss of input channel
	any
	Loss of signal
	Loss of science
	3R
	
	
	SP

	
	
	
	Loss of regulated 3.3VD
	any
	Loss of FPGA output
	Loss of one EPT-HET
	3R
	
	
	

	
	
	
	Loss of configuration I/F
	any
	Loss of ASIC control
	Loss of one EPT-HET
	3R
	
	
	

	3.3.2
	SH high gain
	Pulse shaper
	Op Amp fails
	any
	Loss of signal channel
	Science is degraded
	3R
	
	
	

	3.3.2
	SH low gain
	Pulse shaper
	Op Amp fails
	any
	Loss of signal channel
	Science is degraded
	3R
	
	
	

	3.3.3
	ADC
	Analog shaper signal to FPGA
	ADC fails at input
	any
	Loss of signal channel
	Science is degraded
	3R
	
	
	

	3.3.4
	HK-ADC
	Analog HK to digital input to FPGA
	ADC fails at input
	any
	Loss of HK-ADC
	Loss of HK
	3
	
	
	






	3.4.0 MEPS Digital
	Function
	Failure Mode
	Causal Factors
	Local effects

	System effects
	FMEA Severity level
	Detection method
	Current controls
	Recommendations

	Id no
	Item / type
	
	
	
	
	
	
	
	
	

	3.4.1
	FPGA 2M gates
	I/F to analog and ADC Shaper electronics
	Loss of input channel
	any
	Loss of signal
	Loss of science
	3R
	
	
	SP, CIL

	
	
	
	Loss of I/F to SRAM
	any
	Loss of memory
	Loss of one EPT-HET
	3R
	
	
	

	
	
	I/F to ICU
	Loss of comm I/F
	any
	No comm with ICU
	Loss of one EPT-HET
	3R
	
	
	

	3.4.2
	SRAM
	Memory 2Mx8
	Any output OC
	any
	Loss of data
	Loss of FPGA function
	3R
	
	
	

	3.4.2
	EEPROM
	Memory 1Megabit
	Any output OC
	any
	Loss of data
	Loss of FPGA function
	3R
	
	
	

	3.4.3
	LVDS I/F
	Command, clock, data I/F to ICU
	Driver fails in OC
	any
	Loss of TX with ICU
	Loss of one EPT-HET
	3R
	
	
	

	
	
	
	Receiver fails in OC
	any
	Loss of RX with ICU
	Loss of one EPT-HET
	3R
	
	
	

	3.4.4
	LDO 
	+6VA regulated supply for Shaper
	Fails OC
	any
	Loss of output voltage
	Loss of Shapers
	3R
	
	
	

	
	
	
	Fails SC, 6V output
	any
	Item tolerant to 6V
	Loss of Shapers
	3R
	
	
	

	3.4.4
	LDO 
	-6VA regulated supply for Shaper
	Fails OC
	any
	Loss of output voltage
	Loss of Shapers
	3R
	
	
	

	3.4.5
	Clock
	Provides 48MHz
	Fail in OC
	any
	FPGA fails
	Loss of one EPT-HET
	3R
	
	
	


Loss of LVPS leads to loss of sensor, but does not propagate to ICU.



	3.5.0 MEPS LVPS
	Function
	Failure Mode
	Causal Factors
	Local effects

	System effects
	Severity class / prob.
	Detection method
	Current controls
	Recommendations

	Id no
	Item / type
	
	
	
	
	
	
	
	
	

	3.5.1
	EMI
	Input filter 
	Fails in OC
	any
	No power to LVPS
	Loss of  one EPT-HET
	4R
	
	
	

	3.5.2
	PWM
	Controller for power conversion
	Vref fails
	any
	Output disabled
	Loss of prim. side voltage
	4R
	
	
	

	3.5.2
	CLK
	3.2MHz clock for  controller sync
	Fail in OC
	any
	None
	Loss of sync
	4R
	
	
	

	3.5.3
	Power transformer
	Isolation SC power from MEPS power
	Fails in OC on primary side
	any
	Loss of secondary side
	Loss of one EPT-HET
	4R
	
	
	

	
	
	
	Fails in OC on secondary side
	any
	Loss of +6VA or +6VD or BIAS or 12VSEC
	Loss of one EPT-HET
	4R
	
	
	

	3.5.4
	Switching regulator to FPGA on Digital
	Supply +1.5VD
	Fail in OC
	any
	Loss of voltage to FPGA
	Loss of  one EPT-HET
	4R
	
	
	

	3.5.4
	Switching regulator to FPGA on Analog board
	Supply +1.5VD
	Fail in OC
	any
	Loss of voltage to Analog board FPGA
	Loss of one EPT-HET
	4R
	
	
	

	3.5.4
	Switching regulator to SRAM
	Supply +1.8VD
	Fail in OC
	any
	Loss of voltage to SRAM
	Loss of one EPT-HET
	4R
	
	
	

	3.5.4
	Switching regulator to FPGA, SRAM, EEPROM, and CLK
	Supply +3.3VD
	Fail in OC
	any
	Loss of voltage to FPGA
	Loss of one EPT-HET
	4R
	
	
	

	3.5.5
	Switching regulator to Analog board
	Supply +3.3VA
	Fail in OC
	any
	Loss of voltage to Analog board FPGA
	Loss of one EPT-HET
	4R
	
	
	

	3.5.6
	LDO 
	+6VA regulated supply for Analog
	Fails OC
	Any
	Loss of output voltage
	
	4R
	
	
	

	
	
	
	Fails SC, 6V output
	any
	Item tolerant to 6V
	none
	4R
	
	
	

	3.5.6
	LDO
	-6VA regulated supply for Analog
	Fails OC
	any
	Loss of output voltage
	
	4R
	
	
	

	3.5.7
	LRCS
	Low ramp bias supply
	Fails in OC
	any
	Loss of bias voltage
	No bias voltage at sensor
	4R
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