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Space / Atmospheric Radiation

= Space & Atmospheric Radiation Environment

The Radiation Environment

_Solar Protons

O Space requirements for test beam
 Proton: 1~500 MeV, 103 ~ 10% p/cm?/s, SEE
Salacti CoomicRays a2 * Heavy ion: (He~Fe), multi GeV/n, 10° ions/cm?/s

O Neutron flux at atmosphere with energy >10 MeV

& : « 6000 n/cm?/hr (@ 12 km high)
Heavierfons « 20 n/cm?/hr (@ sea level)
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Radiation at ground level

[1] E. Blackmore, Using TRIUMF Proton and Neutron Beams for Radiation Effect Testing
(space & ground level), KOMAC workshop 2017.




Radiation effects on Semiconductor

@-TR“’MF Radiation Effects to Electronics

Single Event Effects (SEU, SEL, SET, SEB, SEGR)

» protons (trapped or solar events)
» heavy ions (GCR or solar events)
» neutrons (aircraft or ground)

Important for SRAM, DRAM, FPGA, MOSFET

Total lonizing Dose (TID)
» trapped protons & electrons
» solar proton events

LT(Eonant for bipolar transistors, CMOS

Displacement Damage (NIEL)

» low energy protons, neutrons (1/E effect)
Important for LEDs, CCDs, solar cells etc.

Soft or Permanent Errors

Bit flip, latchup, burnout,
gate rupture

Threshold voltage shifts
Increased switching times

Logic state failure

Gain degradation

LED reduced
output

Dark current

Single Event Effects

Protons or Neutrons

Most protons pass
through the device
with little effect

A few protons cause ¥
nuclear reactions— ,,

/| p-substrate

Short-range — |
recoil produces
ionization

4

E. Blackmore, Using TRIUMF Proton and Neutron Beams for Radiation Effect Testing (space & ground level), KOMAC workshop 2017.

Irradiation test of semiconductor products is required to assess reliability and
durability against space/ atmospheric radiation.



KOMAC (Korea Multipurpose Accelerator Complex)

100 MeV Proton Accelerator

Linac commissioning at 2013

General purpose beamline and user service starts (2013~)
Rl production beamline (2016~)

Low flux beamline (2017~)

* Test beamline (2017~)

* Prototype Rl beam production beamline (2018~)

* Pilot operation of neutron beam service (2018~) 1 kW
target

@ Total 4 proton beamlines are under user service at 2021
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KOMAC Beamlines

"2

Features of KOMAC 100MeV linac Output Energy (MeV) 20 100
50-keV Injector (lon source + LEBT) Max. Peak Beam Current (mA) | 1~20 | 1-~20
3-MeV RFQ (4-vane type) Max. Beam Duty (%) 24 8
20 & 100-MeV DTL Avg. Beam Current (mA) 01~48|01~1.6
RF Frequency : 350 MHz Pulse Length (ms) 0.1~2 |0.1~1.33
Beam Extractions at 20 or 100 MeV Max. Repetition Rate (H 120 50
6 Beamlines for 20 MeV & 100 MeV ax. Repetition Rate (Hz)

Max. Avg. Beam Power (kW) 96 160

lon Source
& RFQ

(Tunnel)
Pulse neutron BL
Under design

T TR1nEY )
(TR105
Test beamline

(Reserved for
Beta NMR)

(TR104)
Prototype RI

beam production
test BL

(TR23)
General purpose
Under operation

L|m|ted space for neutrons in target room !!!




KOMAC Beam Dump for Neutrons

« Utilization of neutrons emitted from beam dump
« Production target : copper in the beam dump
* Neutron production yield ~ 0.17n/p @ E,=100 MeV

(TR101)
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| production BL

Under operation !
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(TR23)
General purpose
Under operation
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KOMAC Beam Dump for Neutrons

Hot Zone

Beam dump Dl'lfl Tube Llnac lon SOUI'CG
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KOMAC Beam Dump for Neutrons
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KOMAC Beam Dump for Neutrons

Water In/Out

Gate
Valve Housi ng Soft-metalframe
SS316L
7| & dlg}ol Production Target
= K| & (Ta, 12 mmt)
m| | ml
Proton Beam
I
|| | ||
N %5
Pump -
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KOMAC Beam Dump for Neutrons

-

Fast close gate valve

Neutron Target




KOMAC Beam Dump for Neutrons
L} AFO -
Gate Lo = (Ol &FF A ~370 kg)
Valve | * AE5Z A~ MeV) % 24 A& HDPE (O & FA ~80 kg)
= S

SA Qe A0kt X E e 3 MEH 22 24

7|E &erel

= X H
|| ||

Proton Beam|
|| | |

Concrete shielding
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KOMAC Beam Dump for Neutrons

- HEARS} AFH A A MCNP6.2/PHITS 3.22 o A
Reference Position E : ..
Energy (meV)
\ © QIRIIOIN BHRE M
o) Gamma-ray Shutter (E > 1 keV) 1.3x108 n/cm?/uA
" HDPE (E > 10 MeV) 8.6x10° n/cm2/uA
(Thermal) 8.1x10%

Lead n/cm?2/uA
Cooling Water
Target

SIRQIXI2IIT0



KOMAC Beam Dump for Neutrons
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KOMAC Beam Dump for Neutrons

Total Activity (Bq)

HFAFSE Kb A[AF MCNP6.2/PHITS 3.22

st ) e (o) —tar 0 a0 o MCNP: recommended XS data,
HOoE3 physics models included
L0011 | « PHITS: Hybrld Iibrary
Looesos | (JENDL/ENDF/JEFF/FENDL)

Time (Hour)

(100 MeV, 1 kW) 8A|ZF & AL A=
dZ W & HAS2 ~10" Bg, X W & LA
4

) (@) (@) — ~ =
ZAFAR B2 =2 HAlsES E0F= HEE

o5l 4-d)2 WEH S

s2 ~10" Bg
SHZE(N-16, Ta182m, S XH0f

TAFEE 108 & BAbs: R ~100 Ci, W2t ~0.3 Ci (4 0rM AHE 2 Q)
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KOMAC Beam Dump for Neutrons

HFAFSE Kb A[AF MCNP6.2/PHITS 3.22

Reference Position

Gamma-ray Shutter
HDPE

Lead

Cooling Water .
Target
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T 100E02 F e
= E TN,
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[ Atmospheric Neutrons
100E-03 l—— o
0 20 40 80 80 100
Neutron Energy (MeV)
H B~
T kW 8A|ZEH & A & HOpdE

(22 X =)
[1] 6 uSv/hr (w/o G.S. ~200 uSv/hr)
[2] 12 uSv/hr



KOMAC Beam Dump for Neutrons

K| Al A MCNP6.2/PHITS 3.22
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