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PROJECT ABSTRACT

JPurpose: To build on previous research on Neutron-
Induced SEUs within SRAM devices.

* UD undergraduate research students.
undergraduate research students.

* |IMPROVING the existing SEU-measuring device design.
 EXPANDING device capabilities.



INTRODUCTION

When a NEUTRON hits an
electronic device, it can

trigger a bit flip.

This is known as a
SINGLE EVENT UPSET (SEU).




INTRODUCTION

Famous examples of this include...

/It IS believed\
that this
glitch was
caused by an

\_ SEU. Y,

Speedrun Glitch




INTRODUCTION

Famous examples of this include...

4036 Extra Votes!

2003 Belgium
Election Voting
Machine Glitch
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RESEARCH FOCUS

This research focuses on SRAM devices:

Thermal Neutron Capture by Boron-10

m Boron-10in device

lOB +n 9 11B>!< 9 4He+2 + 7Li+3 _|_




RESEARCH FOCUS

This research focuses on SRAM devices:

Thermal Neutron Capture by Boron-10

o OO
m Boron-10 in device
0B + n > IB* > 4He 2 + TLi*3 +




RESEARCH FOCUS

1. The ion strips electrons »

off the silicon atoms. y

2. The voltage pulls the (-) +

up and the (+) down. + + 1 ___

3. If the transient current et ] - 1
pulse exceeds (Qgrit), itcan [+ & ° &

trigger a change inthe Vo de- = ¢ °

4. Which causes an SEU. °. Diffusion charge

R. Baumann and K. Kruckemeyer, “Radiation Handbook for Electronics,” Texas Instruments, Dallas, TX, USA. [Online]. Available: http://www.ti.com/radbook
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RESEARCH CONCEPT

The concept of this project:

SPECIAL SRAM DEVICE
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PREVIOUS RESEARCH
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B | SRAM Test

PREVIOUS RESEARCH

- (] X

~Environment Setup

Project Folder Path

C:\Users\nmvs2\Downloads\GalacticRAMS-main\

[ Setup Environment ][ Activate Environment

Data Pattern

All Ones

File Name (Optional)

d-yyyy HH-mm-ss

Detect Devices I

Select Serial Port:

All Zeros
.CSV
Checkerboard
Random
~De ed Devices

[[] Device Connected

[JUse Streamlit Read Data Run Test

Latest Data Point

01010101
01010101
01010101
01010101

ERRORS
RECORDED




PREVIOUS RESEARCH

///// 7777 ; */’

/D}?( 7/ //// 2% & ////

| CORRUPTION!|

The neut
NOT the |

A

4

|

4

/i

Ok g

L

i3

i’

Gl c3 s — .‘

« VL TN VEP LAY ] T N R S

o LDl L RN LSRR LTS —- "




PREVIOUS RESEARCH

Summer 2023 Device

This device used a
Boron Carbide

SHIELD.

UNIVERSITY
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PREVIOUS RESEARCH

Fall 2023 Device
l




PREVIOUS RESEARCH
Fall 2023 Device

radiation

falls out

at 1/r? 6-ft long to
maximize the distance.




Total Bit Changes

PREVIOUS RESEARCH

Commercially Available 5V SRAM with
Checkerboard Pattern
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SUMMER 2026 DEVICE EXPANSIONS

Project Expansion: testing 2 different SRAMs at once.
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Radiation shielding:
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SUMMER 2026 DEVICE EXPANSIONS

B SRAM Test

~Environment Setup

y
/ Project Folder Path
C:\Users\nmvs2\Downloads\GalacticRAMS-main\

[ setup Environment | [ Activate Environment |

¥ e

Data Pattern File Name (Optional)
A1l Ones [T e
All_Zeros
csv
Checkerboard
Random
Detect € Devic

Dlbevice comectes

Select Serial Port:

[Juse streamlit Read Data Run Test

Latest Data Point
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HARDWARE EXPANSIONS




00000000
00000000
00000000
00000000

SOFTWARE EXPANSIONS

Write A
Read x a All patterns

Write tested

Checkerboard automatically for
Read x both SRAMSs.

Write ALL 1’s

Read x

Repeat loop




SOFTWARE EXPANSIONS
The “read” duration is VARIABLE.

* Read x 10

* Read x 20
* Read x 100

-

:j—--:'l-




SOFTWARE EXPANSIONS

X 10: 00 CB CB (5 00 CB CB ..
X 20: 00 CB CB (J 00 CB CB
X 100: 00 CB CB

—

Time



SOFTWARE EXPANSIONS

X 10: 00 |cB |cB |11 (5|00 |cB |CB ..

X 20: 00 |cB |cB |11 (O |oo |[cB

X 100: 00 lcB lcB



Microcontrollers

SUMMER 2026 DEVICE

IMPROVED the existing SEU-
measuring device design:

e Streamlined hardware.
* Better radiation shielding.

EXPANDED device capabilities:

 Tested multiple chips.
 Tested multiple data patterns.
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Neutron flux is proportional to reactor power.




Flips

SUMMER 2026 DATA

Flips
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SUMMER 2026 DATA Data Pattern

Differences!

Bit Flips vs Reactor Power
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Average Bit Flip Rate (Flips Per Second)
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SUMMER 2026 DATA Data Pattern

Differences!
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Bit Flips vs Reactor Power
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SUMMER 2026 DATA
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SUMMER 2026 DATA

Average Flip Rate
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SUMMER 2026 CONCLUSIONS

* Improved device worked wonderfully!

 EXxpansions:

 Multiple Data Patterns:
 Data pattern does not affect the rate of SEUs.
 Read/Write cycle duration does not affect data.

* Multiple Chips:
5V SRAM had many more SEUs than 3.3V SRAM.

* Future research can be done on device layout and
material of SRAMs.
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CODE EXPLAINED

Imagine the SRAM chip as a
hotel with many doors!







CODE EXPLAINED

B | SRAM Test - a X

~Environment Setup

Project Folder Path
C:\Users\nmvs2\Downloads\GalacticRAMS-main}\

[ Setup Environment ] [ Activate Environment

Tes S
Data Pattern File Name (Optional)
All_Ones -yyyy_HH-mm-ss
All_Zeros
csv
Checkerboard
> | Random
—De Devices
Detect Devices | []pevice Connected
Select Serial Port: v
[Juse Streamlit Read Data Run Test

Latest Data Point




CODE EXPLAINED
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So think of the neutrons
as troublemakers.




CODE EXPLAINED

Incoming neutrons
disrupt the SRAM’s
memory by flipping bits:

120

or

0->1




CODE EXPLAINED

comm eut rons
\&I |ch| ﬁ

mem cr: o mgbts
cb nYesuﬁ’




Imagine the
microcontroller as a
Hotel Inspector!



CODE EXPLAINEDJ

Expected: m
Observed: m

Total Errors: +2

N\
=




. L
’ / $

i) 07777

| DATA CORRUPTION! | _

-
|7
¢
¥
‘ .
bs
: 4—
e
4
—
ol e s L T o R e A S W T T R 7




SUMMER 2026 DEVICE EXPANSIONS
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RESEARCH FOCUS

This research focuses on SRAM devices:

Thermal Neutron Capture by Boron-10

OB + n > 11B* - 4He*? + 'Li*® + energy

— o

Boron-10in device




RESEARCH FOCUS

This research focuses on SRAM devices:

Thermal Neutron Capture by Boron-10

0B + 1y S1B* > 4He? + TLi*3

Boron-10in device
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