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List of Acronyms

CCA: Circuit-Card Assembly

COTS: Commercial-off-the-Shelf

D&C: Design and Construction (Standards)

DDD: Displacement Damage Dose

DSEE: Destructive SEE

EDD: Environments Definition Document

EEEE: Electric, electronic, electro-magnetic and electro-optical

FY: Fiscal Year

HEO: Human Exploration and Operations Mission Directorate

HW: Hardware

IRCP: Ionizing Radiation Control Plan

LET: Linear Energy Transfer

MEAL: Mission, Environment, Application, and Lifetime

MIL-SPEC: Military Specification

NDSEE: Non-destructive SEE

NEPP: NASA Electronic Parts and Packaging Program

NESC: NASA Engineering & Safety Center

NSPAR: Non-Standard Part Approval Request

NVROM: Non-Volatile Read-Only Memory

OSMA: (NASA) Office of Safety and Mission Assurance

(NASA) Program: A strategic investment by Mission Directorates or mission support 
offices with a defined architecture and/or technical approach, requirements, funding 
level, and a management structure that initiates and directs one or more projects.

(RHA) program: The detailed implementation of the RHA approach. The hierarchical 
structure for implementation and tracking of RHA activities including decomposed 
requirements and (references to) specific procedures and techniques for test and 
analysis.

RHA: Radiation Hardness Assurance

RHA Part: Radiation Hardness Assured Part

RHARD: RHA Requirements Document

SEB: Single-Event Burnout

SEGR/SEDR: Single-Event Gate/Dielectric Rupture

SEE: Single-Event Effect(s)

SEECA: SEE Criticality Analysis

SEFI: Single-Event Functional Interrupt

SEL: Single-Event Latchup

SET: Single-Event Transient

SEU: Single-Event Upset

SME: Subject Matter Experts

SMD: Science Mission Directorate

SRR: System Requirements Review

SW: Software

TID: Total Ionizing Dose

TNID: Total Non-Ionizing Dose
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Motivation 
• The NASA portfolio consists of a wide variety of missions

• Subject to a wide range of MEAL (Mission, Environment, Application and Lifetime) criteria

• No single RHA program can feasibly envelop all these missions 
• Historically, Radiation Hardness Assurance (RHA) was left to the NASA Centers and Programs

• In 2019, the NASA Engineering and Safety Center (NESC) commissioned a task to 
formulate a set of RHA Guidelines for Exploration missions 
• TI-19-01489, https://ntrs.nasa.gov/citations/20210018053  
• The study concluded that successful RHA programs share specific characteristics, and recommended 

the development of a NASA Agency-level RHA Standard

• In 2022, the NASA Electronic Parts and Packaging (NEPP) Program commissioned a task to 
develop the NASA RHA Standard
• A draft document was completed in 2023 and distributed for peer review
• Comments have been incorporated and the document is ready for NASA Centers Review

• It is expected that the document will be formally baselined during FY 2025

Image credits: nasa.gov

https://ntrs.nasa.gov/citations/20210018053
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Agenda 
• Requirements and challenges

• RHA Taxonomy

• Process to baseline an RHA Program
• Fundamental Concepts: MEAL, risk

• Compliance Matrices

• Process

• RHA Schedule and Deliverables

• Conclusion
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Requirements and Challenges
The RHA Standard must:

• Envelop the entire portfolio of NASA programs & projects

• Address modern technology needs of NASA Programs 
• Use of non-RHA parts, balancing system- and part-level RHA 

• Flexibility: Allow for non-traditional RHA approaches while providing radiation assurance 
commensurate with the mission-applicable success- and safety requirements

• Augment but not override existing Center, Program, or International Partners RHA Standards

• Include technical rationale “the why”
• Technology maturation leads to new threats

• Not intended as a comprehensive RHA textbook

• Stay clear of ambiguities in the RHA vernacular
• Avoid terms like “Radiation hard” “Radiation tolerant” “COTS” “EEEE Parts Grade”

• Be consistent with existing NASA processes

RHA Process Standard - Prescribes the process of baselining Program- and project- RHA approaches 
consistent with the applicable MEAL criteria including the programmatic constraints and risk posture   
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RHA Taxonomy
• Taxonomy definition: 

• A system for naming and organizing things, especially plants and animals, into groups 
that share similar qualities (https://dictionary.cambridge.org/us/dictionary/english/taxonomy)

• The study of the general principles of scientific classification, especially orderly 
classification of plants and animals according to their presumed natural relationships  
(https://www.merriam-webster.com/dictionary/taxonomy)

• An initial attempt was made to categorize electronic components based on 
their RHA characteristics, similar to the EEEE Part Grades
• This proved insufficient as it failed to account for the system implementation

• Instead, the NASA standard provides a taxonomy of RHA approaches
• A number of criteria grouped self-consistently
• The criteria are organized into three classes: RHA Scope and Assurance, System-level, 

and EEEE-part-level
• Separate taxonomies are provided for single-event effects and total dose

https://dictionary.cambridge.org/us/dictionary/english/taxonomy
https://www.merriam-webster.com/dictionary/taxonomy
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RHA Taxonomy Example



2
0

2
4

-0
9

 R
A

D
EC

S 
   

   
   

   
   

  T
h

e
 N

A
SA

 R
H

A
 P

ro
ce

ss
 S

ta
n

d
ar

d

RHA Taxonomy Example
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RHA Taxonomy Example
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RHA Taxonomy Example

Relaxation of EEEE-part-level criteria may to an extent be 
mitigated by an increase in system-level effort and result in 
comparable assurance, but with lower a priori confidence
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d Step 1: Evaluate mission

Step 2: Define the proposed RHA 
program plan

Step 3: Determine the programmatic 
activities required to baseline the 
proposed RHA approach

• Categorization per taxonomy
• Compliance evaluation

Step 4: Execute the required 
programmatic activities to baseline 
the proposed RHA approach at SRR

• Different levels of program visibility
• “Provisionally compliant” requires 

program approval
• “Triggers risk” requires programs to carry 

a radiation risk

RHA Baseline Process
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Compliance Matrices
S2: Requirement relaxation at the part level is 

allowed only with systems-level mitigation 
and program visibility via the Risk process

S3: Requirement relaxation at 
the part level without 

systems-level mitigation is not 
allowed

• The standard provides 
compliance matrices 
associating different mission 
classes (or safety-criticality 
levels) with RHA categories
• Four compliance matrices are 

provided for robotic- and 
crewed spaceflight, SEE and 
total dose

• For example, compliance 
matrix for crewed space 
flight, SEE

S1: compliant

Criticality 1 (loss of life)

For Criticality 2 (loss of mission) the bar is slightly lower, 
and then even lower for Criticality 3
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d Step 1: Evaluate mission

Step 2: Define the proposed RHA 
program plan

Step 3: Determine the programmatic 
activities required to baseline the 
proposed RHA approach

• Categorization per taxonomy
• Compliance evaluation

Step 4: Execute the required 
programmatic activities to baseline 
the proposed RHA approach at SRR

• Different levels of program visibility
• “Provisionally compliant” requires 

program approval
• “Triggers risk” requires programs to carry 

a radiation risk

RHA Baseline Process
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The NASA risk management process

• “Risk” has a very specific meaning in the 
NASA vernacular

• The risk management process is a formally 
established NASA process (NPR 8000.4C)

• Utilizes tools such as the risk matrix to 
communicate how individual issues (e.g., 
schedule, cost, and technical) related to a 
given mission are classified and prioritized 
to one another.

• Every risk is formulated as a triplet: 
scenario, likelihood, and consequence

• Each program has its own scorecard 
reflecting MEAL criteria

• Leveraged in the RHA standard to ensure 
that projects benefit from Program 
visibility and system-level resources 
towards meeting mission goals.

Oscar Gonzales et al., “Space System Verification Approach Based on MEAL and Mission Risk Posture” 
https://ntrs.nasa.gov/api/citations/20180007359/downloads/20180007359.pdf 

Jeevan S. Perera, “NASA’s Enterprise Risk Management System” 
https://ntrs.nasa.gov/api/citations/20110020315/downloads/20110020315.pdf 

https://ntrs.nasa.gov/api/citations/20180007359/downloads/20180007359.pdf
https://ntrs.nasa.gov/api/citations/20110020315/downloads/20110020315.pdf
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• Timing of the RHA 
activities is important
• Budget commensurate 

with requirements

• Early architecture, part 
selection strategy 
consistent with 
mission requirements

• Specific “shall” 
statements associated 
with RHA deliverable 
schedule and contents

RHA Schedule and Deliverables
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• Timing of the RHA 
activities is important
• Budget commensurate 

with requirements

• Early architecture, part 
selection strategy 
consistent with 
mission requirements

• Specific “shall” 
statements associated 
with RHA deliverable 
schedule and contents

RHA Schedule and Deliverables
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• The NASA RHA Process Standard is in an advanced formulation stage and 
will undergo a Centers Review process before being baselined
• It prescribes the process to be used by NASA Programs and projects to baseline 

their RHA programs

• Allows Programs and projects flexibility in balancing EEEE-part-level- and system-
level RHA 

• While utilizing established processes to ensure sufficient program visibility and 
resources to meet mission requirements

Thank you for your attention

razvan.gaza@nasa.gov 

Conclusion

mailto:razvan.gaza@nasa.gov
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Backup
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Process to baseline an RHA Program: MEAL 
•  Mission, Environment, Application, and Lifetime

Jesse Leitner, “Risk Classification and Risk-based Safety and Mission Assurance 
https://ntrs.nasa.gov/api/citations/20150001352/downloads/20150001352.pdf 

https://ntrs.nasa.gov/api/citations/20150001352/downloads/20150001352.pdf
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Process to baseline an RHA Program: MEAL
•  Mission, Environment, Application, and Lifetime

• Mission class is not defined for crewed missions

• Criticality is the equivalent for crewed missions

“Report of the PRESIDENTIAL COMMISSION on the Space Shuttle Challenger Accident” 
https://www.nasa.gov/history/rogersrep/v1ch7.htm 

https://www.nasa.gov/history/rogersrep/v1ch7.htm
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RHA Ecosystem
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Standard-at-a-glance
Prescribes the process for radiation 

program integration

• Levies requirements for:
• RHA schedule
• RHA deliverables 

• Requires programs & projects to 
accept a risk if the schedule / 
deliverables are not met

Prescribes the process for programs and 
projects to baseline their RHA approach

• Defines RHA process taxonomy & 
correlation w/ MEAL

• Prescribes the program scrutiny 
required to baseline the RHA approach
• Up to accepting a risk

• Leverages NASA Risk Management Process
• Mitigation plan, risk tracking to closure
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• This is a process standard
• How to implement an RHA program consistent with the MEAL criteria

• Mission, Environment, Application, and Lifetime

• Provides a framework for RHA integration at system level
• Establishes a schedule for RHA activities and deliverables

• Establishes a taxonomy of RHA approaches “Categories of RHA programs”
• Much more than a radiation taxonomy of EEEE parts
• Scope of RHA, System-level aspects/criteria, EEEE-Part-level criteria

• Establishes a process for baselining the program or project RHA approach
• Allows for alternative RHA approaches with risk-informed program-level buy-in 
• The RHA taxonomy and MEAL factors determine the required level of program scrutiny

• Leverages the NASA risk process
• Risks are not intended as a negative, but as a visibility & resource focus tool

• Additional non-prescriptive information critical to the correct interpretation of the 
intent of the standard is provided in the appendix sections

Highlights
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