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

• UD undergraduate research students.
• UTD undergraduate research students.

• IMPROVING the existing SEU-measuring device design.

PROJECT ABSTRACT

• 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).

1 → 0
or

0 → 1



INTRODUCTION
Famous examples of this include…

Super Mario 64 
Speedrun Glitch

It is believed 
that this 

glitch was 
caused by an 

SEU.



INTRODUCTION
Famous examples of this include…

2003 Belgium 
Election Voting 
Machine Glitch

4096 Extra Votes!



Neutrons make up a 
good portion of 
atmospheric radiation. 

Aircraft software is at an 
even greater risk of 
experiencing SEUs.

INTRODUCTION
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RESEARCH FOCUS

10B + n → → 4He+2 + 7Li+3 + energy 

Boron-10 in device

11B* 

This research focuses on SRAM devices:
Thermal Neutron Capture by Boron-10



RESEARCH FOCUS

Boron-10 in device

10B + n → → 4He+2 + 7Li+3 + energy 11B* 

This research focuses on SRAM devices:
Thermal Neutron Capture by Boron-10
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RESEARCH FOCUS
1. The ion strips electrons 
off the silicon atoms.
2. The voltage pulls the (–) 
up and the (+) down.
3. If the transient current 
pulse exceeds (𝑄crit), it can 
trigger a change in the 𝑉node.
4. Which causes an SEU.
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RESEARCH CONCEPT
The concept of this project:

Incoming 
thermal 

neutrons

SRAM 
chip

Microcontroller that can 
record the errors on the 

SRAM chip 
Laptop that 
powers the 

microcontroller SPECIAL SRAM DEVICE



Summer 2023:
PREVIOUS RESEARCH

Teensy 4.1

SRAM

USB to Computer

Current Sensor

Jaihan Utailawon 
Thomas Waterman 

Logic Level 
Converters

Current 
Sensor

Teensy 4.1

DB37 
Connectors

SRAM 
Chip

Fall 2023:
USB to Computer

UTDesign Team #1679



PREVIOUS RESEARCH

Fall 2023

Summer
2023

Triga Reactor at NETL



Outer Chamber
Inner Chamber

PREVIOUS RESEARCH

6”8”

163.5”48” A polyester plug in 
FRONT to 

THERMALIZE 
neutrons.

2 polyester plugs 
in the BACK to 

prevent radiation 
leakage.

Complete 
Setup!



PREVIOUS RESEARCH

ERRORS 

RECORDED



PREVIOUS RESEARCH

The neutrons should hit the SRAM chip.
NOT the microcontroller.

DATA 
CORRUPTION!



PREVIOUS RESEARCH
Summer 2023 Device

This device used a 
Boron Carbide 

SHIELD.



PREVIOUS RESEARCH
Fall 2023 Device



PREVIOUS RESEARCH
Fall 2023 Device

6-ft long DB-37 cable to 
maximize the distance.

radiation 
falls out 
at 1/r 2



PREVIOUS RESEARCH
Commercially Available 5V SRAM with 

Checkerboard Pattern



SUMMER 2026 DEVICE EXPANSIONS

Radiation shielding:
Boron Carbide

DB-37 Cable

Project Expansion: testing 2 different SRAMs at once.

3.3V
5V



SUMMER 2026 DEVICE EXPANSIONS

COMPLETE DEVICE 
OVERHAUL!



• More streamlined layout 
and reduced strain on USB

• Built-in spacing for 
shielding.

New PCB design:

HARDWARE EXPANSIONS

Boron Carbide Shield



SOFTWARE EXPANSIONS
Write All 0’s

Read x 10

Write 

Checkerboard

Read x 10

Write ALL 1’s

Read x 10 

Repeat loop 

All patterns  
tested 

automatically for 
both SRAMs.



SOFTWARE EXPANSIONS
The “read” duration is VARIABLE.

• Read x 10

• Read x 20

• Read x 100



SOFTWARE EXPANSIONS
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SUMMER 2026 DEVICE

DB-37 
Cable

Boron 
Carbide

Microcontrollers

SRAMs

IMPROVED the existing SEU-
measuring device design:

• Streamlined hardware.
• Better radiation shielding.

EXPANDED device capabilities:

• Tested multiple chips.
• Tested multiple data patterns. 



SUMMER 2026 DATA

Neutron flux is proportional to reactor power.

Reactor Power 
Graphs!

50kw 100kw
200kw

300kw

500kw
700kw

900kw



SUMMER 2026 DATA

5V 
SRAM

3.3V 
SRAM

SRAM SEU 
Graphs!



SUMMER 2026 DATA
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SUMMER 2026 DATA
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SUMMER 2026 DATA
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SUMMER 2026 DATA Data Pattern 
Differences!
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SUMMER 2026 DATA
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SUMMER 2026 DATA
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SUMMER 2026 CONCLUSIONS
• Improved device worked wonderfully!

• Expansions:

• 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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Thank you for your time!



CODE EXPLAINED

SRAM Chip!

Imagine the SRAM chip as a 
hotel with many doors!



CODE EXPLAINED

The hotel has a system for 
keeping track of its guests.



CODE EXPLAINED



CODE EXPLAINED
The purpose of this 

device is to be 
bombarded by neutrons.

So think of the neutrons 
as troublemakers.



CODE EXPLAINED
Incoming neutrons 
disrupt the SRAM’s 

memory by flipping bits: 

1 → 0
or

0 → 1



CODE EXPLAINED
Incoming neutrons 
disrupt the SRAM’s 

memory by flipping bits: 

1 → 0
or

0 → 1

Which is where the 
microcontroller 

comes in…



CODE EXPLAINED

Imagine the 
microcontroller as a 

Hotel Inspector!



CODE EXPLAINED

The hotel inspector 
checks every room 

and writes down any 
errors.



HARDWARE
So that is the device!

Inspector, hotel, and neutrons.

DATA CORRUPTION!



SUMMER 2026 DEVICE EXPANSIONS

COMPLETE DEVICE 
OVERHAUL!



RESEARCH FOCUS
This research focuses on SRAM devices:

Thermal Neutron Capture by Boron-10

10B + n →11B* → 4He+2 + 7Li+3 + energy 

Boron-10 in device



RESEARCH FOCUS
This research focuses on SRAM devices:

Thermal Neutron Capture by Boron-10

Boron-10 in device

10B + n →11B* → 4He+2 + 7Li+3 + energy 
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