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Radiation Review: Common Effects 

•  Total Ionization Dose 
– Accumulated over time  
– Displaces crystal lattice (e.x. charge build-up in silicon dioxide) 
– Causes shift in threshold voltage of device, and increased current draw 
– Shielding alleviates TID (but raises other concerns…) 

•  Single Event Upset (SEU) 
–  Instantaneous event (no accumulation) 
– Highly energetic particles (Galactic Cosmic Rays), briefly deposit a streak of 

electron-hole pairs along the path through the lattice, which may be enough to alter 
to the device state (flipped bit) 

– Read / Writes clear these faults 
•  Single Event Functional Interrupt (SEFI) 

– Same as a SEU, except the flipped bit is latched elsewhere in memory, changing the 
“mode” of the device. 

– Generally requires power reset to recover 
•  Latchup 

– Parasitic p-n-p-n junction in bulk-silicon forward biases as a result of a GCS strike, 
causing a short with a spike in current draw. 

– Short remains until the power rail is removed. 
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CMOS Device Radiation Trends: TID 

•  Good News!  TID isn’t our biggest 
concern 
– Due to the nature of feature size 

scaling, the charge trapping is so small 
in the thin gate oxides that that gate 
threshold shifts are less of a concern 

– Brute-force shielding is effective as 
needed 

•  With caveats of course 
– Parts with high internal voltages can 

still be problematic, such as FLASH 
Memory. 

– Expect increased power draw with TID, 
so plan the power budget accordingly. 

– Expect A/Ds readings to shift with TID.  
Could complicate designing smarts 
into the spacecraft. 

–  Intrepid Boards power draw increased 
marginally at 10kRad, and significantly 
beyond 17kRad.  Failed at 24.2kRad 

Reference: Vanderbilt University TID Test Data for Intrepid 
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CMOS Device Radiation Trends: SEU 

•  Trend is fuzzy, with lots of variables, generally getting worse   
–  [LEFT] Reduced feature sizes leads to reduced critical charge 
–  [RIGHT] Reduced feature size, and lower supply voltages lead to reduced collected 

charge… 
– Bulk-Silicon or Silicon on Insulator (SOI)?  Bulk-Silicon is consistently worse, and by 

far the most common.  Use SOI when you can.   

Reference: Single-Event Effects in Advanced CMOS Devices – A.H. Johnston, JPL 
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CMOS Device Radiation Trends: Latchup 

•  Trend of Critical Charge vs. Feature Size 
– Strong temperature dependence (decreased threshold at high temperature, with 

higher cross-section) 
– Higher voltages generally more susceptible 
– Bulk-Silicon or Silicon on Insulator (SOI)?  Bulk-Silicon is consistently worse, and by 

far the most common.  Use SOI when you can.   

Reference: Single-Event Effects in Advanced CMOS Devices – A.H. Johnston, JPL 
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Market Trends 
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CPOD Configuration 

C&DH, ADCS Cold Gas Propulsion Navigation Solutions,  
GPS, Docking Mechanism 

Side Panel Backplane Interface, Patch Antennas, and Charge Controllers 

6x Imagers 

4x Radios 

6x Antennas 

5x Linux Computers 4x Deployables 
3x Microcontrollers 

UHF  
S-Band 

EPS 

Endeavor Bus (1U) 



Tyvak Nano-Satellite Systems LLC  ™            

8 
™ 

Endeavor Vehicle: C&DH and ADCS 1/2U Solution 

~ 80mm 
~ 80mm 

~ 56mm 

Reaction Wheels (3x) 

Star Trackers (2x) 

Torque Coil 

Control Processor 
Endeavour C&DH 

Torque Coils (2x) 
IMU 

Primary Breakout 

*Baffles Not Shown 
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Radiation Approach 

•  Keep the system cold biased. 
•  Power Cycle, Power Cycle, Power Cycle. 

– Guarantee it can happen (watchdogs, timers, back-doors commands, anything and 
everything), and ensure you come back in a known state. 

–  It’s going to happen whether you like it or not, so use it to your advantage. 
– Design the system to reset, especially prior to key phases.  
– Best description I’ve heard, it’s like “The satellite takes a bath”. 
– Countless examples of CubeSats “accidently” saved by an unplanned power cycle. 
–  IPEX CubeSat is in a high inclination orbit, and other CubeSats have detected 

latchups.  IPEX has recovered SDCard issues, and other upsets through planned 
power cycles. 

•  Aerospace people are too smart for there own good.  With a robust core 
platform, use highly integrated ASICS where possible to save time and 
money. 

•  Don’t fly anything rad hard if the power sourcing it is not equally reliable. 
•  Heavily dependent on risk posture…what is our risk posture? 


