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 Heavy ion Radiation Evaluation of FLASH Memories.

. (F;iS% I;resentation of ESTEC Contract No. 13528/99/NL/MV,,
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« Evaluation objectives

— NAND Flash memories are potential candidates for mass data
storage . | y
(in the present evaluation, the devices were not specifically
considered for a given project)

— Aim of thisevaluation wasto :
- First define a set of adequate test conditions
- ldentify the different types of device responsesto SEU

- Compare the sensitivity of avariety of devices (size, dierevision)
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e NAND Flash Memories

 Thefollowing devices have been provided by ESA for this

evaluation exercise

Part type

K9F6408UOA-TCBO

K9F6408U0B-TCBO

K9F2808U0B-Y CBO

K9F5608UOA-Y CBO
K9F1208UOM-Y CBO
TC58256FT

Flash memories

Manufacturer  Size
Samsung 8Mx8
Samsung 8Mx8
Samsung 16Mx8
Samsung 32Mx8
Samsung 64Mx8
Toshiba 32Mx8
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Package Date Code

TSOP2
TSOP2
TSOP1
TSOP1
TSOP1
TSOP1

028

121

130

043, 103
130
0011
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Nand Flash Characteristics

- Voltage Supply : 3V3

- lI;/Iemory array organized in blocks of pages of 528 (512 + 16)
ytes

- Pageregister of 528 (512 +16) bytes for data transfer

- All deviceswere Single Level Cell (SLC) and 1 die per package
(no stack)

- Multiplexed 8-bit bus for command, address and data

- Write Protection (WP)

- Reset

- Sequentia read mode (not used, address is provided for each page)

- Multi plane Page/Block program / Erase/ for the K9F1208UOM -
Y CBO (not used)

Flash memories 09/04/02 QCA meeting 4



HIREX

D/TOS-QCA Fina Presentation Day 2002.

ESA/ESTEC, Tuesday April 9th, 2002

Memory Organization

KOFB6408UOA-TCBO  (8M + 256K) x 8hit
KOF6408U0B-TCBO  (8M + 256K) x 8hit
KOF2808UOB-YCBO  (16M + 512K) x 8hit
KOF5608U0A-YCBO  (32M + 1024K) x 8bit
TC58256F T (32M + 1024K) x 8bit
KOF1208UOM-YCBO  (64M + 2048K) x 8bit

e These devices may be delivered with invalid blocks which have to be excluded

during the test.
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Blocks Pages Bytes

1024
1024
1024
2048
2048
4096

/Block /Page
16 528
16 528
32 528
32 528
32 528
32 528
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Sample preparation

» Chemical etch of the package epoxy

» 2 functional samples per device have been prepared

* Main difficulty wasthe ratio of the die size to the package dimensions

» Photo of prepared sample K9F1208UOM-Y CBO
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Schematic of the test set-up

Flash memories

Digital portable scope for
DUT current monitoring
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Test configurations

Power off, Power on

Prior to exposure, write the memory with a given pattern
After exposure, Read all the pages of the memory

* Write/Read/Read (W/R/R) test condition

Prior to exposure, write the memory with agiven pattern

During Exposure, perform continuously the following cycle on 10 given blocks
(randomly selected before the test)

erase the block

write each page of the block

read each page of block and if one error repeat the read of the page
After exposure, read all the pages of the memory (less the 10 blocks)

. ead/Read

Prior to exposure, write the memory with agiven pattern

During Exposure, perform continuously the following cycle on all blocks
read each page of block and if one error repeat the read of the page

After exposure, eventually read all the pages of the memory

Possibility to active WP for read operation and to reset the device at each cycle
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Error detection

— Upsets : the total number of wordsin errors for each read block at each cycle
Iteration

— Inaddition, the following information is recorded (with alimit of 6500 lines
maximum)

- Cycle iteration number

- Plan Number (if relevant)
- Block Number

- Page Number

- Column Number

- Spare column number

- Awaited word pattern

- Mask error

— Thefollowing errors are also detected :
Max time erase error

Max time write error

Erase Error (DUT read status)
Write Error (DUT read status)
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Heavy lons source

— The European Heavy lons Facility of Louvain La Neuve has been used for this
evaluation

— lons actually used in the course of the present evaluation

lon Specy Energy LET Range

(MeV) (MeV/(mg/cm?)) Hm
20-Ne 78 5.85 45
40-Ar 150 14.1 42
84-Kr 316 34 43
132-Xe 459 55.9 43

— Theuse of atilt angle allows for additional effective LET values
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DUT responses observed (1/2)
—  Stuck bits:

These errors have been seen after power off, power on and Read/Read test
conditions

After exposure above agiven LET, some bits, randomly, remains stuck to
1(erased). The number of stuck bits decrease with time. However aread of the
memory two hours after exposure could lead to detect half the initial number of
stuck hits.

A write operation clear al the stuck bitsin agiven block.
SEU

During W/R/R 10 blocks test condition, these errors could be either read errors or
write errors and correspond to 0->1 or 1->0 transitions.

During R/R operation, idem read errors only.
These errors very likely occurred inside the data transfer page register.
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— DUT responses observed (2/2)

Page /Block error

These errors correspond to a complete page / Block with all bits read/written in
error.

Depending of the device type, these errors can occur inside the block addressed or
in an other block

Array error

The complete array isin error (> 106 words errors)
Max time erase

Max time write

Erase Error (detected by the DUT itself)

Write Error (detected by the DUT itself)

Latch-up
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Results per device

K9F1208UOM -Y CBO 64M x8

Main findings

. glergsst stuck bit errors (0->1) detected at an LET of 34 MeV/(mg/cm?) (Krypton, Tilt O

* Devicesensitiveto Latch-up at an LET of 34MeV/(mg/cm?), (Krypton, Tilt O deg)

«  WI/R/R 10 blocks test configuration

First page/ block error at an LET of of 8.3 MeV/(mg/cm?) (Neon, Tilt 45 deg)

All.these page / block errars were detected after beam exposure outside the blocks
wLich wePe dressed %[uri ng exposure P

First SEUs detected at an LET of 8.3 MeV/(mg/cm?) (Neon, Tilt 45 deg)

Either Read SEUs or Write SEUSs, SEU device error cross-section between 5 105
cm?and 5 104 cm?
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K 9F5608UOA-Y CBO0 32M x8
Main findings

. gi rs)t stuck bit errors (0->1) detected at an LET of 11.7 MeV/(mg/cm?) (Neon, Tilt 60
e

W/R/R 10 blockstest configuration

- No page/ Block error detected up to an LET of 28.2 MeV/(mg/cm?) (Argon, Tilt 60
deggjl nside (during exposure) or outside (post exposure) the 10 blocks.

- Write and Erase errors (DUT control signals) detected at LET of 28.2
MeV/(mg/cm?) (Argon, Tilt 60 deg)

- First SEUs detected during at an LET of 5.8 MeV/(mg/cm?) (Neon, Tilt O deg)

- Either Read SEUs or Write SEUs, SEU device error cross-section between 5 10
cm? and 5 104 cm?
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K9F2808UOM -Y CBO 16M x8
Main findings

. gi rs)t stuck bit errors (0->1) detected at an LET of 34 MeV/(mg/cm?) (Krypton, Tilt O
SY)

 WI/R/R 10 blocks test configuration
— First SEUs detected during at an LET of 5.8 MeV/(mg/cm?) (Neon, Tilt O deg)

- Either Read SEUs or Write SEUs, SEU device error cross-section between 5 10°
cmzand 5 104 cm?

- 2 FEraseerrors (DUT control signals) detected at LET of 11.7 MeV/(mg/cm?)
(Neon, Tilt 60 deg)

- First page/ block errors at an LET of of 28.2 I\_/IeV/(mg/cmZL(Argon, Tilt 60 deQ)
(one read and one write) under exposure (within the 10 blocks)

- No page/ block errors were detected under beam exposure outside the blocks
which were addressed during exposure

 Page R/R test configuration
— With Krypton, LET= 34 MeV/(mg/cm?)
-  SEUsRead errors and occurrence of stuck bits are observed.

- Occurrence of 3 full memory array errors (into 3 different runs), two times memory
has recovered at the next read cycle, athird time the device need to be
reprogrammed.
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K9F6408UOCA-TCBO 8M x8

Main findings

«  WI/R/R 10 blocks test configuration

First SEUs detected at an LET of 5.8 MeV/(mg/cm?) (Neon, Tilt O deg)

Either Read SEUs or Write SEUs, SEU device error cross-section between 5 10
cmzand 5 104 cm?

First page/ block error at an LET of of 5.8 MeV/(mg/cm?) (Neon, Tilt O deg) (one
page write) under exposure (within the 10 blocks)

No page/ block errors were detected after beam exposure outside the blocks which
were addressed during exposure

First Max time write errors (DUT control signals) observed with an LET of 14.1
MeV/(mg/cm?) (Argon, Tilt O deg)
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K9F6408U0B-TCBO 8M x8
Main findings

. Slo ;s,tuck bit errors (0->1) detected up to an LET of 34 MeV/(mg/cm?) (Krypton, Tilt O
e

 WI/R/R 10 blocks test configuration
— FHirst SEUs detected during at an LET of 5.8 MeV/(mg/cm?) (Neon, Tilt O deg)

- Either Read SEUs or Write SEUs, SEU device error cross-section between 5 10
cm? and 5 10 cm?

- First page/ block error at an LET of of 34 MeV/(mg/cm?) (Krypton, Tilt O deg)
(one page read) under exposure (within the 10 blocks)

- No page/ block errors were detected under beam exposure outside the blocks
which were addressed during exposure

-  Oneerase error éDUT control signals) observed at an LET of of 28 MeV/(mg/cm?)
(Argon, Tilt 60 deg)
» Page R/R test configuration
— With Krypton, LET= 34 MeV/(mg/cm?)
-  SEUsRead errors.
- Page/ block errors ( few page read errors)
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TC58256FT 32M x8
Main findings

» Few stuck bit errors (0->1) detected at an LET of 55.9 MeV/(mg/cm?) (Xenon, Tilt 0
deg) (power off test condition)

« W/R/R 10 blockstest configuration

- First page/ block error observed at an LET of of 11.7 MeV/(mg/cm?) (Neon, Tilt
60 deg) (one block erased) after exposure (outside the 10 blocks) while no error
was detected under exposure.

- First SEUs detected during at an LET of 14.1 MeV/(mg/cm?) (Argon, Tilt O deg)

- Either Read SEUs or Write SEUs, SEU device error cross-section between 5 10
cm? and 5 10% cm?
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Conclusion

Evaluation has been carried out on 6 different part types

» Several Flash test configurations have been experimented and the corresponding errors
detected, have been identified.

» From the devices tested, the major concern is bound to the errors generated in the
control part of the device, asfor instance erasing of a different block than the block
being addressed.

» Largevariationsin the responses of the different part types suggest that atest on the
devices considered for a specific project should be performed to fully characterize the
device responses to heavy ions

Flash memories 09/04/02 QCA meeting 19
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