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Results from irradiating the Cyclone V FPGA on the DEO-Nano
SoC Kit using the IREN accelerator.

Introduction The DEO-Nano SoC kit's functionality was validated

using Verilog, with PC-to-FPGA communication
|me Projection Chamber (TPC) is the main tracking detector in the gcstgblished via USB Blaster and JTAG.

ulh Purp Detector (MPD) at the NICA collider.
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Radiation disrupts voltage » Each shuthdown
regulators and bower crcuts,  followed by a 30-minute
causing instabilty automatic recovery

orecise spatial and momentum information. simulation tool using Verilog code from earlier tests. 2) ®) %) - Ionlzmg
a) Radiation-induced disruption in power delivery to the FPGA: Irradiation at » Displacement damage
. . instability in the +1.2 V supply to the processor due to irradiation P 'RE,N, i | " InsemRgnE oI
(Intense Resonance Neutron Source) Results show that irradiation from the IREN Accelerator effects ogvoltage e tiflf J(;b) dange d external 5V/24 power Aocelratorfaclt S\ ' st
ated at JINR, IREN is a pulsed neutron facility. disrupted the DEO-Nano SoC kit’s power system, supply, and (c) its power input connection of 5V.
esigned to produce high-intensity neutron bursts through nuclear reactions. damaging memory, ports, Ethernet, and power delivery.

*Supports research in nuclear physics, neutron spectroscopy, and materials science.
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Two sillcon planar detectors were placed above the
. o e g Cyclone V FPGA during irradiation at EG5
*Neutron irradiation was carried out at the Neutron T e REN Aaloraton oiies

Physics Laboratory of the Joint Institute for Nuclear
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g 2ton Modulator o — Research (JINR), using heutrons generq’red b)’ the EG-5 Silicon detectors are sensitive to fast neutron
pectrometer Magne . irradiation.
electrostatic accelerator. -Radiation damages silicon, increasing its

. o . bulk (dark t.
*The neutron-producing reaction was: Li (d, n) ®Be oL
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Hleuton Guide Slits «This current increase is proportional to:
« Neutron fluence (®)
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Fluence Estimation Formula

Irradiation setup using the IREN Accelerator (a). DEO-Nano SoC -April 4th: 10:00 AM - 5:00 PM Al ax dx T
~Target material: Tungsten-based alloy (VNZh-90) with non-multiplying properties Eit S‘(licces?fUIli connected to PC via USB Blaster for Verilog-
. ' . - iSsi ' ased testin ) - 7
Reaction type: AW (y, n) A—1 (neutron emission from tungsten isotopes) g (b) «Approx. 10 hours and 40 minutes total exposure |- Post—irradiat;‘)‘:] da:k C::Orr(e;:l)t
Twoosten noautronio T Er Results from irradiating the Cyclone V FPGA on the Estimated neutron flux: 0.5 X 107 n/cm2s~30% of lo: Pre-irradiation dark current
p g P : DEO N S C K.i . fh IREN I } = Both measured at full depletion voltage and
1.High-energy electrons produce bremsstrahlung gamma rays upon hitting the =INano >o%. Rit Using the el e el neutrons had energies near 14 MeV, suitable for testing normalized to +20 °C
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Final Fluence Calculation

—=— One-crystal spectrometer (stilbene)
—— Unfolding result spectrum
—— Average unfolding spectrum

0= (5405) %10 Alem: .
+ Cument-eleted damage constant $=1iflw),
[ +20° i 3
For 1 MeV neutrons at +20 °C (excluding sef B pasi A G A5

AlE) the neutron iuence ® (niem?) can be accurately
Oetermined.
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confirmed by LED activity on FPGA and HPS. IREN facilities using twa neutron
/" « Observations recorded using Quartus Universal energy setups.
FPGA st Waveform Simulator. *In Setup 1 (~3 MeY neutrons), the
15V/22A 18V 14A - Voltage regulators and power circuits became CycloneV FPGA remained functional
000 000 .| Ramp T =12msec 12 unstable, leading to system shutdowns every ~80 for about 80 minutes before
LEDs: Grayed-out/off LEDs: One LED on e ] , minutes. _ _ experiencing periogic shutdgwns,
= e : « The board automatically recovered after ~30 minutes each followed by a 30-minute
) . _ each time. automatic recovery. The exact cause
| « Highlights increased risk of malfunction or damage, of the shutdowns remains under
| especially without adequate FPGA shielding. investigation.
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