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EFW RBSP Technical Note
Calculating Proton Induced SEE Rates for 
RBSP EFW Flash Memory
RBSP_EFW_TN_016_ProtonSEERatesFlash



Calculating Proton Induced SEE rates for RBSP

Version 1: Initial release.

Version 2: Updated with correct transmission fluxes in Creme96

Version 3: Updated with mitigation techniques.

RBSP Orbit Parameters

Apogee 30615km

Perigee 500km

Inclination 10 degrees

Using solar minimum conditions and elements up to Z=92

Shielding 350mils

Radiation Belts comprise of electrons up to 7MeV mostly in the outer belt. Proton energies are run up to several hundred MeV. 

Electrons up to 5MeV stopped by 350mils of Al

Protons up to 50MeV stopped by 350mils of Al

Electrons stopped by the shielding will produce bremsstrahlung radiation and Compton scattering at these energies. Protons will cause ionization inside components through spallation and in the case of technologies with feature sizes less than 0.3um may produce direct ionization.

Flash Memory 32Gb Manufactured by 3d-Plus using 4Gb Micron parts.

The radiation data received from JPL is:

TID : > 50 Krads

SEL : > 55 MeV-cm2/mg

SEU : LET threshold : 27.6 MeV-cm2/mg, 

X-section (Heavy Ion) : 7 E-11cm2/bit 

X-section (proton) : 1.8E-17cm2/bit

SEFI : LET threshold : 11 MeV-cm2/mg, 

X-section (Heavy Ion): 1.5 E-5 cm2/device 

X-section(proton) : 9.7E-12 cm2/device

 
The SEFI data taken by GSFC is a little lower than this – LET threshold is 8.7MeV-cm2/mg with a heavy ion cross section up to 10-3cm2/device. Estimation of the proton cross section is 3.57 x 10-10cm2/device.  As the cross section seems to be variable by lot, these numbers use the worse case cross section from radiation data taken.

Using the Weibell parameters (from Tim Oldham, GSFC): 

Onset 3MeVcm2/mg

Width 55MeV

Exponent 5

Creme96 gives the proton rate as follows:
Proton induced SEFI peak flux rate : once every 1.7 days.

Proton induced SEFI average flux rate : once every 63 days.

Proton induced SEU peak flux rate : 950 bit flips per 32Gbit device per day

Proton induced SEU average flux rate : 26 bit flips per 32 Gbit device per day

Heavy Ion SEU rates from Creme96 are 4.13 x 10-9 errors/bit/day, or 16 per day per 4Gbit device, or 132 per 32Gbit device. 

Testing of Samsung NAND flash memory indicated that these devices do not exhibit SEUs in unpowered devices. Also it should be noted that Creme96 rates for THEMIS SDRAM showed a factor of 20 higher than the resultant space SEU rate (prediction 10/day, actual 0.5/day). 
Other notes about Flash Module

Testing reports from JPL and GSFC indicate that during testing there were no latch ups on the parts. GSFC testing only up to LET of 58MeV. However a SEL rate is given of 55 MeVcm2/mg. It is assumed that this is set from the current spikes seen in the device during SEE testing. 
From JPL( http://parts.jpl.nasa.gov/docs/Radcrs_Final.pdf ), it recommended that proton testing be done on parts with an LETth < 15MeVcm2/mg. Effective LET of protons is 3-12MeVcm2/mg. As the threshold for this part is 11 MeVcm2/mg (or 8.7 from GSFC testing) for SEFI then it is expected that the part will be susceptible to high proton fluxes. As the JPL material also states that “SEFI is dominate effect in flash devices”. 
Conclusions
The flash memory parts will require latch up circuit protection as they have not been tested to a LET of 80MeVcm2/mg, even though no latch ups have been observed during testing. A moderately high number of SEUs within the memory cells are seen which will require error correction on readback. This will be incorporated into the FPGA design. Data indicating that NAND flash does not experience bit flips in unpowered devices suggests that the parts should be powered off for the majority of the time and only activated when a read or write is necessary. This will also reduce the rates of SEFIs which can only occur on an biased device. 
Suggested mitigation techniques are detailed below:

1. Leave devices unpowered until a write or read occurs. 

2. Reset the flash device before transfer. 

3. Implement ECC and check checkbits on readback. On unsuccessful readback power cycle the device.

4. Implement ECC for write to device, and provide a way to verify programming. For unsuccessful write, power cycle the device. For times when data is written correctly but to the wrong area of memory, the FSW will be capable of dealing with out of order packets on readback.

5. Implement timeout on polling of Busy bit in device. 
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