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Neutron-induced single event upset 

 Neutrons interact with nuclei to produce charged secondary 
particles – Si recoils, protons, alpha particles… 

 Ionizing secondary particles deposit bursts of e-h pairs in electronic 
devices that may be collected at p-n junctions and produce a 
current spike that alters data and leads to a digital error. 
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Impacts of NSEU 



Evaluation of NSEU sensitivity 

 NSEU cross section per bit 

 

 

 
 Fabrication technology and 

device geometry design 

 Neutron energy spectrum 

 

 Linearity between SEU 
number and fluence / SEU 
rate and flux 
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Initiative of this work 
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Experiment setup - radiation field 

 Xi’An Pulsed Reactor (XAPR) 
 No. 3 Irradiation Chamber 

 Fast neutrons with mean 
neutron energy of approximately 
1 MeV 

Shot No. 
Reactivity / 

dimensionless 
 FWHM / ms 

Peak Neutron Flux /   

n-cm-2-s -1(1-MeV-eqv.) 

Neutron Fluence / 

n-cm-2(1-MeV-eqv.) 

1-4 3.2 9.8 

5 2.0 15.3 



Experiment setup - devices under test 

ISS64WV25616BLL  (non-ECC 

version) 
 ISSI61WV25616EDBLL (ECC version) 

 2 models of SRAMs from same family, same vendor 
 4 Mbit, 65 nm CMOS technology 

 Suggests equal σreal 

 Only difference: ECC and non-ECC version 
 Additional ECC circuits and check code memory array for ECC version 

 2 samples for each version: ECC-0 / ECC-1 / non-ECC-0 / non-ECC-1 
installed on one single PCB of 10 cm x 10 cm 

 Neutron fluence variation among different devices < 10% 



Experiment setup - test method 

 Test system 
 Customed SRAM test system executes writing and reading operations to 

DUTs (Devices Under Test) 

 Communicate with a laptop via a USB cable 

 

 Bias condition 
 One single 3.3 V power supply for all the 4 samples 

 

 Test procedure 
 DUTs filled with 0x 55H into all the addresses before irradiation and stay 

static during neutron pulse 

 Test system reads back the data from the DUTs immediately after the 
neutron pulse and obtains the statistical information 

 Statistical information contains total upset number, byte numbers for 
SBU, 2-bit MBU and 3-bit MBU 

 



 Impact of ECC operations on NSEU: 
 ECC SRAMs manifested far more less upsets (~1 order of magnitude) 

 Linearity: 
 Non-ECC SRAMs: slightly sub-linearity 

 ECC SRAMs: significant super-linearity 

 



Experimental results - MBU distribution 

 MBU (Multiple-Bit Upset within one single byte) 
 Byte classification 

 MBU Distribution: (n0, n1, …, n8) 

no upset 

SBU 
(Single-Bit Upset) 

2-bit MBU 

8-bit MBU 



Experimental results - MBU distribution 
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Verification of MBU distribution model 

MBU distribution model for non-ECC 

SRAMs 



Improvement for ECC 

 

 

 

 How MBU distribution is changed by ECC 
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 How MBU distribution is changed by ECC 
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Improvement for ECC 

  Exhaustion calculation results (ECC Transforming Matrix) 

MBU bytes 

before ECC 

correction 

Percentage of MBU bytes after ECC correction  

0 1 2 3 4 5 6 7 8 

1 1 0 0 0 0 0 0 0 0 

2 0 0.394 0.379 0.227 0 0 0 0 0 

3 0.009 0.109 0.382 0.409 0.091 0 0 0 0 

4 0.002 0.125 0.255 0.366 0.232 0.020 0 0 0 

5 0 0.020 0.184 0.369 0.306 0.106 0.015 0 0 

6 0 0 0.053 0.220 0.422 0.242 0.055 0.008 0 

7 0 0 0.023 0.114 0.290 0.383 0.167 0.023 0 

8 0 0 0 0.051 0.232 0.372 0.246 0.099 0 

9 0 0 0 0 0.037 0.382 0.445 0.091 0.045 

10 0 0 0 0 0 0.091 0.409 0.470 0.030 

11 0 0 0 0 0 0 0.500 0.167 0.333 

12 0 0 0 0 0 0 0 1 0 



MBU distribution 

 MBU distribution of ECC SRAMs: experiment VS calculation 

 

 

 

 

 

 

 

 

 

 

 

 Perfectly consistent 

 New MBU distribution model is established 

 



Calculation results and verification 



Before correction After correction 
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Conclusion 



Thanks for your attention! 
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