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Why Do We Care?



Market projections for low earth orbit satellites
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Current Space Tech



Satellites
* Have Little Compute Power

* Have Limited Memory




Satellites
* Have Little Compute Power
* Have Limited Memory

* Are Just Data Relays
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Why Not COTS?



Let’s Talk About Memory...
Starting On The Earth
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On Earth
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Memory capacity Recipe, Topology, and Density Are Key
Aspects of Radiation Sensitivity



Let’s Talk About
Radiation...Misconceptions
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. The “Too Simplistic” Lattice View of Materials
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The “Too Slmpllstlc Lattlce V|eW of Materlals '

A radlatlon partlcle Wlll most
llkely disturb the electron :
Cloud between nuclel
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~ Single Event Effects (SEE) On DRAM/SRAM

' | Effect Remedy

B Isolated Bit-Flip ECC,
el Detect and Reset




- Single EVévn't E ffeé ts(SEE)QnRAM /SRAM :

: | Effect Remedy

B Isolated Bit-Flip ECC,
e Detect and Reset

Y L Corrupted Ranges App Fault & Reset,

Scrub Memory




- Single EVévn't E ffeé ts(SEE)QnRAM /SRAM :

| Effect Remedy

B Isolated Bit-Flip ECC,
e Detect and Reset

Y L Corrupted Ranges App Fault & Reset,

Scrub Memory

8 Short-Circuit Detect & Reset ASAP
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| MagnetoResistve RAM(MRAM)

DRAM depends on +/-charge



 Magneto-Resiste RAM (MRAM)
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MTJ MRAM ST-MRAM! | NOR Flash | NAND Flash

Density? 16 Mb 1000 1,000 128,000 Mb

Access Time 35 <10 25 20 16 ns

Standby Current <1 <1 <1 <1 <1 mA

Read Current 30 15 20 25 15 mA

Write Current 30 15 50 25 20 mA

Endurance Infinite P/E Cycles

Retention >20 >20 >10 >10 >10 Yrs @ 55°C

Cell Size 10 <4 6 5 6 F2

Cost/Mb 1.5 /i 0.05 USD

SEU Immune No No Yes n/a

SEL Immune No No Yes n/a

TID >10003 krad (Si)

MRAM T_e-chno-logy Status, NASA



Memrlstor ReS|st|ve RAM (ReRAM) 3
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memrlstor based storage of bit B



~ReRAM Radiaton Tolerances

Fujitsu MB85AS4MT ReRAM
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- PhaseChangeRAM (PCRAM)

»"“193.7
".‘

" resistive based storage of bit



- PCRAM RadiationTolerance

MTJ MRAM ST-MRAM! | NOR Flash | NAND Flash

Density? 16 Mb 1000 1,000 128,000 Mb

Access Time 35 <10 25 20 16 ns

Standby Current <1 <1 <1 <1 <1 mA

Read Current 30 15 20 25 15 mA

Write Current 30 15 50 25 20 mA

Endurance Infinite P/E Cycles

Retention >20 >20 >10 >10 >10 Yrs @ 55°C

Cell Size 10 <4 6 5 6 F2

Cost/Mb 1.5 /i 0.05 USD

SEU Immune No No Yes n/a

SEL Immune No No Yes n/a

TID >10003 krad (Si)

MRAM T_e-chno-logy Status, NASA
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Small Language Models (Gemma3N)

Standard execution with skipped parameters & cached PLE
Parameters loaded: 5.44B Parameters loaded: 1.91B

/ -

Text parameters: 1.91B Text parameters: 1.91B

Vision parameters: 0.3B Vision parameters: 0.3B

Audio parameters: 0.68B Audio parameters: 0.68B

Per-Layer Embedding Per-Layer Embedding
parameters: 2.55B parameters: 2.55B

PLE data cached to fast storage
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Autonomy in Remote Vehicles for Independent Science Surveillance
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