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Introduction — COptaeixt

Electronic devices at ground level
are primilarly impacted by:

v Secondary cosmic rays _ in the Earth
atmosphere ( atmospheric neutrons )

v" Telluric ray produced directly inside ICs
due to residual traces of radioactive P
elements ( alpha-particles ) 2

Py
£ o

¥
H &g

Neutrons and alpha particles are the main
aggressors playing a major role in the
occurrence of SEE in chips at ground level
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Appl. Phys. Lett. 93, 064105 (2008)

TABLE 1. Disintegration rates of radioactive materials. Concentrations ol
radioactive nuclel are deduced from natural abundances

Natural
abundance Disintegration rate
Element T, (s) (%) [(mm* um 10" h)~™']
P 2.05 % 10'* 0.014 85.21 x 10¢
“Nd 7.23x 10* 23.8 41.07x10*
3G .41 % 10+ 0.2 7.31 x 108
S m 2.21 % 10% 11.24 6.35 % 10°
" Re 1.37 % 101# 62.6 5.70 % 10¢
505 6.31 % 1072 1.59 314 % 10°
i HI 6.31 % 1072 0.16 0.32 % 104

After F. Wrobel et al.




Appl. Phys. Lett. 93, 064105 (2008)
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Main steps of SEE production in microelectronic devices (1/2)
Direct and indirect matter ionization

A

\
Alpha-particle
"
Neutron + n o
+
+J+ Secondary
reaction
products
Mg + a 2.75 MeV
_ BAl+p 4.00 MeV
p-Si = s TAl+d 9.70 MeV

¥Mg+n+a 1034 MeV
TAl+n+p 12.00 MeV
¥Mg + "He 12.58 MeV
UNe + 2a 12.99 MeV

Reacion table trom F. Wrobel «f al., IEEE Trans.
Ml Phws.. Vel 47, No. 6. Dec. 2000
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Main steps of SEE production in
microelectronic devices
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Charge depositiol Transport of the released char
by the energetic into the device (drift and diffusio.

particle striking mechanisms)
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" After R. C. Baumann EEE Trans. Device Mater. Reliab.,

J.L. Autran — October 2009 — 8

vol. 5(3), p. 305-316, Sept. 2005.
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SET in digital circuits
SET propagation
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Experiments currently in progress

pum—

= STMicroelectronics — SRAMs 65nm
= Xilinx — FPGA 130 nm

o = EADS-ATMEL — SRAMs 130nm

Platorm A\ = UCL — ISEEM monitor (CCD)

= IM2NP — PdBNM + CCD experiment

= STMicroelectronics — SRAMs 130nm
= STMicroelectronics — SRAMs 65nm

= 2"d neutron monitor (version 2)

fmz-Hf’ = = CCD experiment
_= Muon detector (to be constructed)
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Academic Experiments (3/3)

/ IM2NP-CNRS

Plateau de Bure Neutron Monitor
- S ‘," Lo f
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e University of Central Lancashire
J.L. Autran — October 2009 — 17 UCIan Imaging SEE Monitor
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Neutron flux measurements

Measurements performed on October 2008 by Evgeny Yakushev
using a He3 neutron detector
=> Neutron flux (E>0.5 MeV) ~1.2 x10° neutron/cm 2/s

For memory on the Plateau de Bure, Neutron flux > 3.5 %102 neutron/cm 2/s
Reduction factor > 30,000
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Reporting SSER ST 130nm at LSM
12/10/2009

Cumulated results during ~17 500 h

Graphics:

SSER 130nm LSM Events + LSM

Starting time : October 16, 2007 16:22
Reporting time : October 12, 2009 10:00
TOTAL : 17 486 hours

1 error/145 h (1 week= 168 h)
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Experimental Results - 13GAmnSBRIXNM

Neutron and alpha-SER extraction
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Experimental Results - 65%mnS BRKMM
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65nm versus 130nm technologies

4%x10-3 a/cm?/h

v

9%x104 a/cm?/h

Test duration [MBit.h]
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= result of a substantive work
performed at technological
process integration level
(elimination of some materials
subjected to alpha emitter
contamination).
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65nm versus 130nm technologies
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The Plateau de BBuee
Neutron Monitor
(PdBNM)

GPS time server antenna

New building extension (2008)

for neutron monitor

* Installed on ASTEP:
July 23, 2008

* 1 year operation (test) in

Marseille (2007-2008)

* 3 LND253109 high pressure
He3 (3 atm.) detection tubes

LND 253109

cylindrical

* 2.65 tons (lead rings), ' oy He® neutron
2 5 7, = weoits detector (x3)
2m#4, ~3x10° counts/hour

» Data available online;:
www.astep.eu

) ‘ <
Canberra ACHNP97
charge amplifier (x3)
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Experimental determination of the (neutron flux)
acceleration factor of the ASTEP location

128 | | ! | | | |
-\"\ ......... Plateaude Bure ...
12.6 - .. Long.44.6N Lat. 5.9€ Alt. 2555m '
124 >« _Barometric coeff. f=-0.614 %/mb _
122} -
12.0 | .
9 118f | R | ]
g X Corrections for New-York City x6.7]
3 11.6 | AF (NYC) = 6.7 x 0.94= 6.3 -
= 114} .
112 F —
11.0 - Marseille (Building IRPHE) "~ n
108 L Long. 43.3‘N Lat. 5.5E Alt. 124m \\“;
- Barometric coeff. f=-0.699 %/mb
10-6 | 1 | 1 | 1 | 1 | 1 |
750 800 850 900 950 1000

Atmospheric pressure (mb)
J.L. Autran — October 2009 - 28



LmZnp

PdBNM: Modeling and Geant4 Simulation
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* Work performed by Sergey Semikh (JINR)
In Marseille (October-November 2009)

* Calculate the instrument response in the
natural radiation environment  (n, p, W



Altitude experiments: impact of low energy protons
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Low Energy Proton Single-Event-Upset Test Results
on 65 nm SOl SRAM

David F. Heidel. Senior Member, TEEE. Paul W. Marshall. Member, IEEE. Kenneth A. LaBel Member IEEE.
James R. Schwank, Fellow. IEEE. Kenneth P. Rodbell. Member JEEE. Mark C. Hakey.
Melanie D. Bere, Member, IEEE. Paul E Dodd. Semior Member, IEEE. Mark R. Friendlich. Anthony D. Phan.
Christina M. Seidleck. Marty R. Shaneyfelt. Fellow, IEEE, and Michael A. Xapsos. Senior Member, IEEE
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Shielding of the 65nm experiment with borated
HD Polyethyleibox (¢&-10 cmthicknes)

| Neutron flux in LSM |
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Thank you for your attention
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