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Storage Requirements  in Aeros pace Applications

Sys tems  for  space 
exploration

o Rovers
o Telescopes
o Satellites

Sys tems  for everyday life

o Weather s ensors
o Cell communications
o Commodity GPS
o Defense & intelligence 

Space-based terres trial 
communications

o IOT
o 5G
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Data source: Union of Concerned Scientis t
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Sensors  data  from a  cros s -country flight

20 TB
20 terabytes  of
information per
engine every hour

2 6 28,537 365
twin-engine
Boeing 737

s ix-hour
cros s -country
flight from
New York
to LA

# of commercial
flights  in the sky
in the US on any
given d ay.

days  in a year

= 2,499,841,200 TB

Big Data Takes  Center Stage

Data source: Big Data in the Aerospace Indus try
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To ens ure the s torage devices  can withs tand the radiation environment of s pace without
experiencing critical failures , there are s ome key radiation s pecifications  and metrics  to cons ider

Total Ionizing Dose (TID)

 Measure the cumulative 
ionizing radia tion dose 
absorbed by a  device

 measure in Gy (Grays ) or rads  
(radia tion absorbed doses )

 ASTM E1249, ESA/ SCC Bas ic 
Specification No. ESCC 22900

Single Event Effects  (SEE)

 Effects  of a  s inge ionizing 
particle hitting a  device and 
caus ing a  trans ient or 
permanent change.

 MIL-STD-883 Method 1019.7, 
ESA/ SCC Bas ic Specification 
No. ESCC 23600

Neutron Radiation

 Significant concern in space 
environments , especia lly in 
deep space mis s ion.

 Can cause displacement 
damage.

 MIL-STD-883 Method 1017.2, 
ESA/ SCC Bas ic Specification 
No. ESCC 25100

Total Non-Ionizing Dose (TNID)

 Refer to the cumulative of 
non-ionizing radia tion dose.

 ESA/ SCC Bas ic Specification 
No. ESCC 22910

Temperature and Vacuum

 MIL-STD-883 Method 1008
 ASTM E595

NAND Storage Radiation Tes t for Space Application 
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Heavy Ion and Proton Radiation Tes t

Heavy Ion Radiation Tes t Proton Radiation Tes t

Standard J ESD 57A, ASTM F1192, 
   Sandia Nat’l Lab. SAND 2008- 6983P

J EDEC J ESD 234 
    Sandia  Nat’l Lab. SAND 2008- 6983P

Equipment Van de Graaff Cyclotron Proton accelera tor 40~ 500 MeV
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Heavy Ion and Proton Radiation Tes t - Preparation

To succes s fully tes t a  part,
the beam mus t reach the s ens itive region

Heavy Ion Radiation Tes t Proton Radiation Tes t

Ranges  typically 10s  to 100s  of microns > 10 MeV are very penetra ting
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Heavy Ion Radiation Tes t Proton Radiation Tes t

Vacuum Air Vacuum

Nearby equipment les s  concern Nearby equipment needs  shielding

Cable lengths  –  20m-100m Cable lengths  –  20m-100m 

Sample s ize = 4 Sample s ize = 5

Heavy Ion and Proton Radiation Tes t - Setup
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Proton Radiation Tes t –  Qualification chart

YES

YES

YES

YES

NO

NO

NO

NO

Proton 
Energy

Reject
device

Reject
device

Tes t a t
Maximum bias  

and temperature
grazing angle

Reject
device

Tes t a t
maximum
bias  and

tempe rature
and normal
incidence

?400 MeV

<180 MeV;
Heavy ion tes t

Latchup at
<40 MeV

-cm2/mg?

Latchup?

Latchup?

Latchup?

Accept
device

High ene rgy
proton tes ting

required

A complete c ros s -s ection cu rve m ay
be required to evaluate the ris k

A complete c ros s -s ection cu rve m ay
be required to evaluate the ris k

Tes t a t maximum bias  and
tempe rature and normal incidence

A complete
c

≥180 MeV
but <400 MeV

ros s -s ection
curve m ay be

required to
evaluate the

ris k

Accept
device

Accept d evice

Proton SEL 
qualification

tes ting

Tes t a t
maximum bias

and temperature
us ing heavy

 ions
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Heavy Ion Radiation Tes t –  Qualification chart

Heavy 
ion SEL

Qualification 
tes ting

Begin at 
maximum 

LET

Tes t at 
maximum 
bias and 

temperature

Continue 
tes ting with 

lower ion 
LETs

Latchup?
Can sys tem 

des ign tolerate 
latchup?

Accept 
device

NO NOYES

YES Reject
device

Determine
the complete 
cross-section 

curve

If SEL thres hold LET< 40 MeV-cm2/mg 
and devices will be us ed in a proton 
environment, proton tes ting required



Technology

NAND Flash

Solid State Drives (SSDs)
(us ing NAND Flash)

DRAM

MRAM (Magnetores is tive RAM)

FRAM (Ferroelectric
RAM)

- High data density
- Fas t read speeds
- Low power consumption
- Cost-effective per gigabyte

- Limited write endurance
- Data retention issues under 

extreme conditions

- Higher cos t per gigabyte than HDDs
- Limited by NAND flash endurance

- Volatile (data los t without power)
- Higher cos t per gigabyte
- Higher power consumption

- Fas t read/write speeds
- More durable (no moving parts )
- Lower latency

- Extremely fas t read/write speeds
- High endurance

- High speed
- High endurance
- Low power consumption
- Non-volatile (retains data without power)

- Higher cos t per gigabyte
- Lower dens ity compared to NAND flash

- Higher cos t per gigabyte
- Lower dens ity compared to NAND flash
- More complex manufacturing process

- Fas t read/write speeds
- High endurance
- Low power consumption
- Non-volatile (retains data without power)

Cons

Non-volatile memory

Non-volatile memory
(NAND flash-based)

Volatile memory

Non-volatile memory

Non-volatile memory

Type Pros

NAND Flas h and Other Storage Technologies  in Aeros pace
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Flexxon Rad-Hard Memory

HIX Series eMMC (XTRA VII Series )

CE & FCC Certified 
Certification



Feature COTS NAND Flash Storage Rad-Hard NAND Flash Storage

Purpose

Radiation Res is tance

Cost

Performance

Endurance

Data Retention

Environmental Suitability

Form Factor

Error Correction

Availability

Certification

General use, consumer and enterprise applications

Not des igned to withstand radiation;may suffer data 
corruption or loss

Typically lower cos t per gigabyte

High performance suitable for general applications

Standard endurance, typically 3,000 to 100,000 P/E cycles  
depending on type (SLC,MLC,TLC)

Generally good,but can degrade under extreme 
temperatures and conditions

Suitable for s tandard temperature and humidity ranges

Various consumer and indus trial form factors

Bas ic error correction depending on the consumer grade

Widely available from various commercial suppliers

Generally not certified for space or high-radiation environments

Space and high-radiation environments

Specifically des igned to res is t radiation effects  
(e.g., single-event upsets , total ionizing dose)

Higher cos t due to specialized des ign and tes ting

May have slightly lower performance due to additional error-correcting 
codes and radiation-tolerant des igns

Enhanced endurance;often includes wear leveling and error correction to
extend lifespan in harsh environments

Improved data retention in extreme environments; des igned to maintain 
data integrity longer in space conditions
Des igned to operate reliably under extreme temperatures , radiation, 
and other harsh space conditions

Often cus tom or specific form factors tailored to aerospace needs

Advanced error correction, including ECC (Error Correction Code) 
tailored for space environments

Limited availability;often sourced from specialized vendors or 
cus tomized for specific miss ions

Certified for aerospace and radiation-hardened applications

COTS vs  RAD-HARD NAND Storage 
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Summary

COTS NAND Flas h Storage Rad-Hard NAND Flas h Storage

 General commercial us e

 Good performance 

 Cos t-effectivenes s

 Lacks  radiation res is tance 

 Not s uitable for hars h s pace 

environments

 Engineered to withs tand radiation and 

extreme conditions

 Enhanced data integrity and durability 

at a  higher cos t

 Additional Features

• Advanced error correction

• Improved endurance
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Future Plans

• Generational s caling in 3D layer count and feature s ize will continue

• Tes t piece parts  when able, but SSD-type tes ting pos s ible as  well

• Evaluate combined effects , particularly as  TLC/QLC cells  continue to erode margins  and 

increas e RBER

• TID/SEE/Endurance/Retention all tightly coupled
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Thermal management is  critical for the longevity and performance of NAND s torage, 
es pecially in high-radiation environments  s uch as  s pace mis s ions . Here’s  how different 
thermal management s trategies  can impact NAND flas h s torage.

Pas s ive Cooling

Des cription
Utilizes  heat s inks , thermal pads , and thermal vias  to dis s ipate heat without 
mechanical or electrical components .

Effects
Longevity
Helps  maintain a  s table operating temperature, reducing thermal s tres s  and prolonging 
NAND flas h life. Exces s ive heat can accelera te wear-out mechanis ms  in NAND cells , s o 
managing heat helps  extend lifes pan.

Performance
Effective in preventing thermal throttling, where the performance of the NAND flas h 
might degrade if it overheats . Proper pas s ive cooling maintains  performance by keeping 
temperatures  within optimal ranges .

Thermal Management in rad-hard NAND Storage
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Active Cooling

Des cription
Involves  the us e of fans , liquid cooling s ys tems , or other mechanical means  to actively 
control and reduce the temperature of the NAND flas h s torage.

Effects
Longevity
Active cooling s ys tems  can more precis ely control the temperature, which can be 
beneficial in high-radiation environments  where temperatures  can fluctuate. This  
controlled environment minimizes  the thermal s tres s  on NAND cells  and reduces  the 
ris k of accelerated degradation.

Performance
Ens ures  that NAND flas h operates  at peak performance by preventing overheating, 
which can caus e s lowdowns  or throttling. Active cooling can be particularly us eful in 
environments  with high thermal loads  or where pas s ive s olutions  are ins ufficient.

Thermal Management in rad-hard NAND Storage
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Thermal Ins ulation

Des cription
Utilizes  ins ulating materials  or coatings  to minimize heat trans fer between the NAND s torage 
and its  environment.

Effects
Longevity
Protects  NAND flas h from extreme temperature variations  and helps  in maintaining a 
s table internal temperature. Reduces  the ris k of thermal s tres s  and damage due to rapid 
temperature changes , which can improve reliability and lifes pan.

Performance
Helps  maintain cons is tent performance by preventing both overheating and exces s ive 
cooling. By ins ulating agains t external temperature changes , the NAND flas h can 
operate more reliably within its  des igned thermal range.

Thermal Management in rad-hard NAND Storage
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Thermal Redis tribution

Des cription
Us es  thermal s preaders  or conductive materials  to evenly dis tribute heat away from hot 
s pots .

Effects
Longevity
Reduces  localized overheating that can lead to fas ter wear-out of NAND cells . Even heat 
dis tribution minimizes  the ris k of hot s pots  that can accelerate degradation, thereby 
enhancing longevity.

Performance
Promotes  uniform performance acros s  the NAND flas h s torage by preventing thermal 
bottlenecks . Even heat dis tribution helps  ens ure that all components  operate efficiently 
without being affected by hot s pots .

Thermal Management in rad-hard NAND Storage
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Temperature Monitoring and Control

Des cription
Involves  us ing s ens ors  to monitor temperatures  and adjus t cooling s ys tems  or other 
mechanis ms  to maintain optimal thermal conditions .

Effects
Longevity
Enables  precis e management of temperature to avoid conditions  that could lead to 
accelerated wear or failure. Dynamic adjus tments  bas ed on real-time temperature data 
help in maintaining optimal conditions  for NAND cells .

Performance
Allows  for real-time adjus tments  to prevent performance degradation due to 
temperature fluctuations . By res ponding to temperature changes  dynamically, 
performance remains  s table and reliable.

Thermal Management in rad-hard NAND Storage
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1. Effect of Radiation

Smaller Feature Sizes
As  s emiconductor feature s izes  decrease (e.g., from 65nm to 7nm), the 
components  of integrated circuits  become more vulnerable to radia tion effects  
such as  s ingle-event upsets  (SEUs), s ingle-event la tch-ups  (SELs ), and tota l 
ionizing dose (TID) effects .

Increased Sens itivity
Smaller trans is tors  have reduced phys ical dimens ions , leading to higher s ens itivity 
to radia tion-induced charge accumulation and other effects  that can dis rupt 
normal operation.

Rad-Hard NAND: Smaller Node Challenges
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2. Engineering Approaches  to Maintain Reliability
Radiation-Hardened Des ign
Implementing des ign techniques  that make devices  more res ilient to radiation. This  includes  us ing hardened 
cells , redundant circuitry, and s pecialized layouts  to mitigate the effects  of radiation.

Error Correction Codes  (ECC)
Employing ECC to detect and correct errors  caus ed by radiation-induced faults . ECC techniques  include SEC-
DED (Single Error Correction - Double Error Detection) and more advanced codes  tailored for s pecific 
applications .

Shielding
Adding phys ical s hielding around the s emiconductor components  to reduce the impact of radiation. This  can 
involve materials  or des igns  that abs orb or deflect radiation before it reaches  the s ens itive parts  of the circuit.

Redundancy
Incorporating redundant components  and s ys tems  that can take over in cas e of radiation-induced failures . 
This  includes  redundant proces s ing units , memory arrays , and data paths .

De-rating
Des igning components  to operate below their maximum capacity to increas e their tolerance to radiation 
effects . This  often involves  derating voltage and current levels  to ens ure reliable opera tion under radiation 
expos ure.

Specialized Materials
Us ing radiation-tolerant materials  and proces s es , s uch as  s ilicon-on-ins ulator (SOI) technologies  or high-k 
dielectrics , which can better withs tand radiation-induced damage.

Rad-Hard NAND: Smaller Node Challenges
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Smaller Feature Sizes  increas e vulnerability to radiation effects  due to the reduced 
phys ical s ize of components , which makes  them more s us ceptible to radiation-
induced dis ruptions .

Engineering Approaches  to maintain reliability at s maller feature s izes  include 
radiation-hardened des igns , error correction codes , phys ical s hielding, redundancy, de-
rating, and the us e of s pecialized materials . Thes e methods  are es s ential to ens ure the 
continued functionality and reliability of electronic components  in high-radiation 
environments .

Summary

Rad-Hard NAND: Smaller Node Challenges



©2024 Flash Memory Summit. All 
Rights Reserved

25

Flexxon SSD CE Certified

EN 55032 /  CISPR 32

o Emiss ion Tes t
o Measures  radia ted and 

conducted emis s ions

HIX Series

EN 55024 /  CISPR 24 

o Measures  device's  susceptibility 
to electromagnetic dis turbances  
and interference from external 
sources .

AS/NZS CISPR 32  Clas s  B 

o Similar to the CISPR 32 tes t
o Specific to Aus tra lia  and 

New Zealand markets

IMMUNITY EN 61000-3-2 

o Immunity tes t agains t voltage 
fluctuations  and flicker caused 
by external sources . 

EN 61000-3-3

o Immunity tes t agains t voltage 
dips , short interruptions , and 
voltage varia tions . 
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Flexxon SSD FCC Certified

HIX Series
FCC CFR Title 47 Part 15 Subpart 
B: Section 15.107 & 15.109

o Ensures  that devices  do not emit 
exces s ive electromagnetic radia tion 

ANSI C63.4-2014

o Measures  EMI (include radia ted 
and conducted emis s ions )

ICES-003 Is sue 6: 2016 Clas s  B

o Canadian s tandard EMC tes ts
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Flexxon eMMC (XTRA VII Series )

Drone

Military & 
Avionics  

Networking 
s ys tem 

Applications
Automotive Grade 
Up to AEC Q100 Grade 2 (-40C-105C)

CE, FCC Certified 
Certification

Passed the 1 Gy X-ray tes t
Radiation Tes t

Mains tream Capacity 
3D TLC: 32GB~ 128GB
3D pSLC: 8GB~ 32GB 
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SEFI cros s  s ection vs . LET
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