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� Future experiments



Introduction Introduction –– ContextContext
Electronic devices at ground level

are primilarly impacted by:

� Secondary cosmic rays in the Earth 
atmosphere ( atmospheric neutrons )

� Telluric ray produced directly inside ICs 
due to residual traces of radioactive
elements ( alpha-particles ) 
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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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Number of nuclear events
in a layer of material of 1 mm2 × 1 µm 

during 109 h After Fréderic Wrobel et al.

(IES Montpellier)



J.L. Autran – October 2009 – 7



Main  steps of SEE production in 
microelectronic devices*

(d)

Charge deposition Transport of the released charge 
2
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Charge deposition 
by the energetic 
particle striking 

the sensitive 
region

Transport of the released charge 
into the device (drift and diffusion 

mechanisms)

Charge collection in the sensitive 
region of the device

1
2

3

Current pulse caused by 
the passage of the 
energetic particle

* After R. C. Baumann, IEEE Trans. Device Mater. Reliab.,    
vol. 5(3), p. 305-316, Sept. 2005.
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SET in digital circuits
SET propagation
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P. Dodd et al., IEEE Trans. Nucl. Sci., 
vol. 51 (6), pp. 3278-3284, Dec. 2004.

Plan-View SEM of Metal 1 in Logic Area



Test platformsTest platforms
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Experiments currently in progressExperiments currently in progress
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� STMicroelectronics – SRAMs 65nm
� Xilinx – FPGA 130 nmSEE

Test

European

Platform

SEE

Test

European

Platform

� Xilinx – FPGA 130 nm
� EADS-ATMEL – SRAMs 130nm
� UCL – ISEEM monitor (CCD)
� IM2NP – PdBNM + CCD experiment

� STMicroelectronics – SRAMs 130nm
� STMicroelectronics – SRAMs 65nm
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� STMicroelectronics – SRAMs 65nm

� 2nd neutron monitor (version 2)
� CCD experiment
� Muon detector (to be constructed)



6 boards (64 devices each)Control software
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a)
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Control PC

DUTs Buffers

a)

b)

STMicroelectronics
65nm SRAMs



Hosted ExperimentsHosted Experiments
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ATMEL-EADS
130nm SRAMs

XILINX/Rosetta
130nm FPGA (Virtex II)



Academic Experiments (3/3)Academic Experiments (3/3)

IM2NP-CNRS
Plateau de Bure Neutron Monitor
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University of Central Lancashire
Imaging SEE Monitor



LSM Main Research ExperimentsLSM Main Research Experiments

STMicroelectronics
65nm SRAMs
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STMicroelectronics
130nm SRAMs



Neutron flux measurementsNeutron flux measurements
Measurements performed on October 2008 by Evgeny Yakushev
using a He3 neutron detector 

=> Neutron flux (E>0.5 MeV) ~1.2 ×10-6 neutron/cm 2/s
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For memory on the Plateau de Bure, Neutron flux > 3.5 ×10-2 neutron/cm 2/s
Reduction factor > 30,000



Cumulated results during ~17 500 hCumulated results during ~17 500 h

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)

4×10-3 αααα/cm 2/h
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4×10-3 αααα/cm 2/h



 

Neutron and alpha-SER extraction

−SER SER

Experimental Results Experimental Results -- 130nm SRAM130nm SRAM
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Experimental Results Experimental Results -- 65nm SRAM65nm SRAM
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65nm versus 130nm technologies65nm versus 130nm technologies
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= result of a substantive work 
performed at technological 
process integration level 
(elimination of some materials 
subjected to alpha emitter 
contamination).

9×10-4 αααα/cm 2/h
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65nm versus 130nm technologies65nm versus 130nm technologies
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⇒ resulting in a net 
improvement of the total 
SER by a factor 2 .

U130 U65 SSER130 SSER65 espace Deconv130Deconv65
0

1000

674

1530 359

     Normalized
  (New-York City)

      Altitude
     (ASTEP)

130nm    65nm    130nm    65nm                  130 nm    65nm

Underground
     (LSM)

674



The Plateau de The Plateau de BureBure
Neutron MonitorNeutron Monitor

((PdBNMPdBNM))

New building extension (2008)

for neutron monitor

GPS time server antenna

Webcam

Experimental floor for real-time experiments

Polyethylene box

LND 253109 

cylindrical 

• Installed on ASTEP:
July 23, 2008

• 1 year operation (test) in 
Marseille (2007-2008)

• 3 LND253109 high pressure  
He3 (3 atm.) detection tubes
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Lead ring (x3)

cylindrical 

He3 neutron 

detector (x3)

Canberra ACHNP97 

charge amplifier (x3)

• 2.65 tons (lead rings), 
2m2, ~3×105 counts/hour

• Data available online:
www.astep.eu
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Experimental determination of the (neutron flux) Experimental determination of the (neutron flux) 
acceleration factor of the ASTEP locationacceleration factor of the ASTEP location
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PdBNMPdBNM: Modeling and  : Modeling and  Geant4Geant4 SimulationSimulation

J.L. Autran – October 2009 – 29

• Work performed by Sergey Semikh (JINR) 
in Marseille (October-November 2009)

• Calculate the instrument response in the 
natural radiation environment (n, p, µ)

Corsika simulation



Altitude experiments: impact of low energy protons
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Underground experiments: impact of thermal neutrons

Shielding of the 65nm experiment with borated
HD Polyethylenbox (8-10 cm thickness)HD Polyethylenbox (8-10 cm thickness)
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