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1. TN-006. Surprisingly Large Burst Memory (SLBM)

Preliminary Design Information

Introduction and Rationale

The EFW instrument will record large long duration events during the mission lifetime that will be key to understanding radiation belt processes. With high rate waveform data recorded over several days and stored to a large memory the lower rate data will be telemetered to the ground. Using this lower rate data, key sections of interest can be identified and selected to be downlinked from the larger memory. The high rate data will then be played out to the ground within the agreed EFW telemetry budget.

The EFW team has identified a 32Gbit radiation tolerant flash Nand device manufactured by 3D plus in France. 32 of these devices will be used to make up a 128Gbyte memory. The data sheet for the commercial equivalent part can be found at:

http://www.3d-plus.com/PDF/Memorymodule/FLASH/MMFN08408808S-F_2.pdf
The radiation tolerant part is still undergoing testing and the parts are due to be available in Q4 2007. 

Detailed description

i. Mass and Accommodation

Each memory module weighs 6.1grams. 32 parts will add 195grams to the IDPU. The dimensions of the parts are 13.84mm x 20.40mm x 11.93mm and so will require approximately 25mm x 30mm board space for each part or 150mm x 160mm total for all 32. This is approximately half the area of a 6U card (the anticipated IDPU board size). There are two possible accommodations in the IDPU, firstly as a separate card inside the IDPU or secondly incorporated onto the IDPU processor card. This second option is preferred as it simplifies the interface to the processor and eliminates the need for a control logic Actel by using the processor Actel. It also saves mass resources by combining the two circuits onto one PWB.

In addition to the memory modules a number of auxiliary parts will be needed but these are not expected to exceed 100grams. The mass budget for the SLBM has already been incorporated into the reported value in the EFW monthly report.

ii. Power

Each memory module takes 40mA @ 3.3V (130mW) when active and 8mA @ 3.3V (25mW) when in standby. It is anticipated that the modules will be switched in banks of 8, therefore the current draw will be ~100mA @ 3.3V (330mW) for all the memory parts at any one time. There will also be some buffering and control logic necessary to control the parts – this is expected to be in the order of 100mW (using standard buffer power consumption and Actel power estimates). Total power consumption is therefore approx 430mW + margin = 500mW. The power consumption by the SLBM has already been incorporated into the reported power budget in the EFW monthly report.

The switching of the memory modules also isolates them from the rest of the IDPU circuitry incase of part failure or latch up threatens the rest of the instrument. 

iii. Telemetry and Operation

The SLBM will be used to record high rate waveform data from the EFW instrument for long (days) durations. The data will then be downlinked within the agreed telemetry budget of the EFW instrument. No extra telemetry budget is requested for having the SLBM. The EFW instrument will also store lower rate science products in a separate SDRAM memory that will be part of the data processing circuit.  It is anticipated that a major event may last ~50 hours and that about 10% of the high rate data (at ~100 kbits/sec) collected by the burst memory during this time will be sufficiently interesting to be downloaded.  If the data is downloaded at the rate of 2000 bits/second by using part of the EFW telemetry allocation, it will take ~10 days to download the desired data.  Because major events are relatively infrequent, this download time is consistent with the goals of the mission. 
Although the memory modules have a limited number of write cycles (100k), the memory is sized appropriately so that continuous writes of the highest rate EFW data for 5 years each memory location will be written to less than 500 times. The write time for the parts is 2kbytes in 300us which easily accommodates the EFW maximum data rate of 384kbytes/second. Memory can be erased in 128kbyte blocks in 2ms and bytes can be read out at 30ns cycle times.

iv. Qualification

Radiation testing was carried out by 3D plus. The results of this are detailed below: 

TID : >50 Krads
SEL : > 55 MeV-cm2/mg
SEU : LET threshold : 27.6 MeV-cm2/mg, X-section : 7 E-11cm2/bit

SEFI : LET threshold  : 11 MeV-cm2/mg, X-section : 1.5 E-5 cm2/device

v. Cost

3D Plus have quoted $298k for 100 parts for 3 flight boards. 
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